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NOTICE. 



In the revision of the present Yolamey the principle 
has been adopted, of retaining unchanged all sacb 
portions of the original matter, as conectlj describe 
the existing conditions of the metal mannfactore. 

In every section of the work, numerous additions 
have been made, completing the practical and sta- 
tistical information up to the date ci publication* 

In connection with the chapter on the Precious 
Metals, much new matter has been introduced re- 
lative to the discovery of Crold in Califomia and 
Australia; and a chapter has been added on the 
Electrotype and the processes of Electroplating. 

R.H. 

March, 1853. 



VOI«. III. 



CONTENTa 



CHAP. L 

T» IDIIBI AMD UmriHO. 

Antiqaity of the Corniih Tin Wan,~.Eai\j Hittorical Motieet.— Cm« 
titerides, or Tin Islandf... Their SitostioQ and Identlty.^Ffant fltao. 
nuy Institutions. — Tin Coinage and Duties. — New Cliarters and Re- 
gulations. — Ores and Veins of Tin.—- Accompanying Substances. — 
Description and Use of tlie Divining Rod.— . Usual IndicatioM of Me- 
tallic liodes.^How examined. —Singular Enterprise of Cornish Tin- 
ners. — Famous Solmiarine Mine. — Original Stream- Works. .— Im- 
provements in. .working. —.Blasting, Raising, and Picking the Ores.— 
Smelting Furnaces.— BconomieBl Use of Pit Coal. — Statistics 

Pfegel 

CHAP. II. 

' TIM PLATB WOKUMO. 

Valuable Properties of Tin. — Articles of solid Tin not common. —Tin- 
foil. -~ Use of Tin for coating other Metals. —Probably known to the 
Romans. — Tinned Vessels not found in Hercolaneum. — Tinning of 
Sheet Iron long neglected by the English. — Introduction and Success 
of the ManuCurtnre. — England surpasses erery other Country in the 
Quality of her Tin. — Tinning small Wares. — Preparing Iron Plates 
for Tinning — Rolling, Pickling, and Scouring. — Dipping. — Arrange- 
ment of the Tin Pots. — Cleaning and packing the PUtes. — Prices of 
Sheet Tin. — Formation of Tin Vessels. — Soldering. — Block-Tin 
Wares. — Beauty and Lightness of Tinaery - - - - 27 

CHAP. IIL 

LEAD. 

Peculiarities of Lead.— Early Notices of Lead.— Nigrum Plumbum.— 
Galena and Stannum. — English Lead Districts. — High Peak — Mi- 
neral Iaws. — Stowses. — Getting the Ore.— Tythe.— Sales of Ore. 
—Boles, or Wind Hearths— Cupolas.— Process of Smelting — Weight 
of the Ingots, or Pigs. — Different Qualities of Lead.— Desilverising 
Lead. — Pattinson's Process. — Reduction of Litharge.— Manufacture of 

White Lead. — Oxichloride of Lead Importation from Spain. — Dei- 

pression of the Lead Trade. —> Exportation and recent Prices . 51 



V 



'i 



■IHunplaDpnluB.— CuUif.Snwlnj.juid RoIUng 
— Ttn-EDgtDF.-Bwr MuzblDC — WjiIit-CIdiU.- 

TiB DsionsliIrD Colic. - SJiot— Culin* BuUeU. _ 


Plps—PHmpt 


CHAP. V. 

AnHqoHjr ind ru of PnwUir Vault — Coiiipo.fttMi o 
rmTlne— ZlM.lu MinenJ HUlorj.— BHUMWlltirot 


PliUnlcir Ed. 
ZI«i.-BUIdB]r 


CHAP. YI 





BrttBiDl* Mntil bu largetr npnsrdFd (he U« ot Peirtiir. — Bmotr uA 

ClMitiuu Df Ihs With CamtuHicloa nr BrlUDnlillstii].— RaIUb|. 

— Vuicly oT ArtLclH fabricated. — FuUlty of Stamping — Spiunlaf 

Ing. — Cutinf SpDoni. .^ BufflDB lod Bmibtng. — Hud PnlliUnc. — 



CHAP. VII. 

Artiof trBDiferT[nff Dfitlcvbf [ntpreitmo eiT hl^h ADriqalty. — Bgjptfui \ 
HieTDglypbica iLamped. — ChbiHfi Block PlInllDff. .- EnstaTDd md 

FuilleTypei IniFiitcdiii Eunpe Fwul and SchocBer — Deiciipdon 

arutl; IVpei. — liiItoducdDiiofiailDU Soto. — William CaicHnaid 

WTnlln do Wooide WllliBm Cailon BajkBrrllle. — John GotCtob. 

_TVpe FoQiiiling — Houldi for Caitiii J — The Halrll — Type MKll. 

— Proceu of CuUde.— DieulDg (be L«l«i. — Ilalk and Script. 

Largft I.etteTi- — In veDtlon of Slemttype. — AdTnnugn of Stereotjpliif, 
— Metlwd at moBldlDg and calling the FlatM — Freiaiiiit tfcsn liir 
PrlnUiig, Ac. .......in 

CHAP, Vlll. 

KolScei at this MeUL— Andmt 
, Rome, end <>ll«jr CouolriH.— 
*f Copper. ^ EnfkUh C^ipper.'^ 



Connralh— Hlftorj of tW Cuff nr 
tkms of the Trade. — Jteeem 
of Copper Oro.— 8ubt<wir*o im mi 
(hes mostly smelted to Waicau'-' 1 
Fkinwces.— > CaldnMloa of tke 

Metal. — Remeltteg < 

Refining or ToihIiibIi -»I 
Appearance of the: 
notoome EtttdU of 
Copper, via Himrida —■] 




ctur. nL 



Coppeisuiitii or Bi 
Hammering and 1 
— Doable BoOoaa 
tions of the Mela 

^Cylindara A 

ments. — King's 1 
Failnre of tke G^ 
White Copper. ~: 




lef Aatigaitf — Haism. v t^wiK 
of AAofi «f C<99iBr «ftC 7'ji. ^ Vttu 
— OngM. Iff 



OBLAT' XI- 





Uftrnftrtiw -^ Umi mm« '• 
!:. — j6stf«(|ittln «iC t^«i>M 1^ ti^m..^ tfufumt**' 

«r a BoB C«etis« amtft 2><I* — Kubtfoc <%:*-««»*( i»et« t^ 

u,^BsaM CamHiL — Caetis^^ imc lH»^j«4ti - Vrf >«iii#«»wfj n 

Ads iimnii ml in 41* cseCaig iff Htwt I'lguKH. -^Ivrmaif 

ma^-^Umj^uaOim it Wtmrnh .wui TMwmntim m sm i g w r i» i^t 
itfnAV«!ka &' 



It Limpi — Curioui 



d Crdoidil Cbnck. — Cob 



Enrlj DlicofMT "' Op'ii^i 



AQcmcDpft — Ci»Lpeppflr'' Micro 
cbanl't Jewelled MicroKope. -^ 



^DuciipElofl af AiffBt 



Dr, FranlUln'i Clock. ~ DeKriptlon ofis Bigbl-Dnf Ctnck.— 
ud Striking Para. — KBnnrKtUH of WUCha.— CIdcIi and W 
Imported and exportel. — Detcriptioc of the Fertt of a cemmoD "^ 



lebgDeUiSoat, — Delaalicd Lever Eieapeme 



Blraingliain eslelmled for lli r 



— SabA,~Ciupi and Br 



UWlltfHb 190 



Ramlto from a DHitiMiar 
tbe Wire. — Pototlflff md 
-.Mr. Wright's 



CHAF. zira 



Euly Knowledge and 
danceat JeruMlem — in Gi 
<rf Gold Ora — Geogrqibiarf 
Gold found in the Britbh 
coUecting GtM in BruD — 
SoOmd Vegetatioa.^ 
UUty of Gold. — Sihrer — Ti 
SilTer.— Africa 
Silror Minee. — Sfiircr 
Wan, — Ai^antift re— 

Ore Extractiag SKcr 

dnctkmtoflie 




cflAT. zruaL 



Aatiqoityof dieAitef iBeadl^g IrfiliirMimt — f i u Mt rt f tf i X i r ^f 

->Firrt pradiMd M IbcAiM — Mmtmy mufi itJeiiM Hr - ^^t^uw </• 
phling tbe lB«oC^riiaBttrfK» n^e^lMlnctt* Mm* ^'W*. 



Wjrei. — Ciiiwyf iiiw ^ Vjoftt. ~ VrtOkti ^ txMto ^bwlii««ui Ik.- 
Gold Firtrrp Aortfiliere. ^ LcalX^rgiC _ JUcjit Hnmwf. sf Ua 






Earif BMM97 of flw ButtoL. — Oemn: ViM»itib0r*vrj — Jjt*mtni i^ 

imyaetauvt if tut huann. It^x^Vi, JbtrmMU/ptmiu 
— PnioeM <jf Mmuifartiirmg ^Ortn Ihihm*- JL*^ 
oujfaHai of tiie Gildxxif }- tmce. — KMMm. MietKvc 1/ ^lidth^-- 
■ eaneenmif GQt ettd FMjmI Ifca^'jut. — 1^***^} huc tftuw *utup«c 
Ter<e^ of Dm — CKikltit: (ruuniA JbuciM* — Ifaeiiut 
Bi BattoB Tx^o: — Atumft tc n^iv^: tuf; >aiiMa> at wmnuf 
throng tbe fjunnf** ftf S«i9r«ig^ • 41X 



TUl 00NTBNT8. 

CHAP. XX. 

COINING. 

Antiquity of the Art of Ck>ining. — CharacterUtics of ancient Coina. — 
Ifaterials of Coini.— Early European Bfints.— Local or Private Tokens. 
— Introduction of authorised Copper Money. — Gold and Silver Bullion 
received and assayed at the Royal Mint — Apparatus used in casting 
the Ingots. — Rolling and sizing the Metal. — Cutting out ,tbe blank 
Pieces. — Sising and pickling the Blanks. — Milling the ^get. — Strik- 
ing the Impressions of the Coin. — Apparatus for supplying and re> 
moTing the Pieces. — Medals. — Instance of want of Calndatioa. — 
Stamping Medals. — Thomason of Birmhigham. — Press for striking 
MedaUions — Medal Die ..... Page 494 

CHAP. XXI. 

THB BLBCTBOrm. ' 

DiscoTery of the Process. — Electro*Chemical Decomposition.. — Voltaic 
Arrangements. — Electro-Metallurgical Processes. — Preparation of 
Moulds.— Electrotype Plates. — Wood-Cuts electrotyped. — Glypho- 
graphy . — GaWanography. — Galvanoglyphy. — Magneto-Blectric M»« 
chines.— Plating by Magneto-Electricity. — Plating Solution.— Electro- 
Gilding. — Platinising, &c 44» 



_ '\ 



MANUFACTURES IN METAL. 



A 
TREATISE 



OV TBK 



CHAP. I. 

TIN MINES AND SMELTING. 

AXTtQumr or thk corvish tin mines. — early iiisroRirAL 

NOnCBS. CA8SITER1DES, OR TIN ISLANDS. THF.IR SITUATION 

▲NO IDENTmr. — FIRST STANNARY INSTITUTIONS. TIN 

COINAGE AND DUTIES. — NEW CHARTERS AND REGULATIONS. 

— ORES AND VEINS OF TIN. — ACCO^fPANYlNG SUBSTANCES. 

DESCRIPTION AND USE OF THE DIVINING ROD. USUAL 

INDICATIONS OF METALLIC LODES. — HOW EXAMINED. 

SINGULAR ENTERPRISE OF CORNISH TINNERS. FA5IOUS 

SUBMARINE MINE. ORIGINAL STREAM-WORKS. — IMPROVE- 
MENTS IN WORKING. BLASTING, RAISING, AND PICKING 

THE ORES. SMELTING FURNACES. ECONOMICAL USE OF 

PR COAU — STATISTICS. 

To the notices relating to the history^ smetting^ and 
manufacture of iron and steely "which have occupied 
two preceding volumes, may, without impropriety, im- 
mediately succeed an account of tin. This valuable 
metal having been one of the most anciently discovered 
products of our native mines, and that which first at- 
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Z TIN UINRS AND 6MELTINO. CHAP. 

tracted the commercial attention of foreign nations 1 
Britain. It is used in very large quantities in platin 
of sheet iron, which is commonly known under the af 
pellation of tin-plate. 

Tin appears to be intended by the term bedil, whic 
occurs in the Old Testament, and we learn that th: 
metal was used by the Midianites in the time of Mose 
Man's acquaintance with tin dates, therefore, from ver 
high antiquity. 

The English tin mines are in Cornwall and Devon 
chiefly, however, in the former county, which forn: 
the most westerly extremity of the island, jutting oi 
into the sea between St. Greorge*s and the Irish Char 
nels. At what era the trade in tin was first opene 
with foreigners, it is not possible to ascertain with ac 
curacy ; but, certainly, the period is as remote as th 
inquiry itself is interesting, for nothing is clearer tha 
the fact, that this traffic existed contemporaneous, a 
least, with the very earliest glimpses of our historj 
Herodotus, who flourished about 450 years before Chrisi 
mentions the tin islands of Britain, as the Cassiterides 
The Phoenicians are allowed by general consent to hav 
been among the earliest, if not indeed the very firsl 
traders to Cornwall for the valuable produce of thei 
mines ; and Sammes is of opinion, that they gave th 
present appellation to the county, during their inter 
course with its inhabitants, from a word in the Phoe 
nician language signifying a horn, and indicative of th 
curved appearance of the coast as viewed from the sea 
The Greeks residing at Marseilles were the next t 
visit Cornwall to purchase tin ; and after them cam 
the Romans, whose merchants were for a long perio< 
foiled in their attempts to discover the tin market o 
their commercial predecessors. 

Camden says, '' It is plain that the ancient Briton 
dealt in tin mines, from the testimony of Diodoru 
Siculus, who lived in the reign of Augustus, and Timteus 
the historian in Pliny, who tells us that the Briton i 
fetched tin out of the isle of I eta in their little wickc: 



CHAP. I. TIS ISLANDg. 3 

boats covered with leather. The unport of the passage 
in Diodorus is^ that the Britons who lived in those 
parts dug tin out of a rocky sort of ground^ and carried 
it in carts at low water to certain neighbouring islands ; 
and that from thence the merchants first transported it 
into Gaul^ and afterwards, on horseback, in thirty days^ 
to the springs of Eridanus^ or the city of Narbona, as 
to a common mart. iBthicus too^ another ancient 
writer, intimates the same things and adds, that he 
had himself given directions to the workmen." In the 
opinion of the learned author of the Britannica, the 
&aons did not meddle with the mines, or, according to 
tradition^ they employed the Saracens ; for A ttal-Sarasin, 
that is, the leavings of the Saracens, is a name applied 
to a particular deserted district, and the term Attal is 
giTen to the waste portions which are cast aside below 
ground. Such as are brought to the surface are called 
*' deads." 

The islands alluded to by Diodorus, under the general 
appellation of Cassiterides, from KaacriTEpoQ, tin, have 
generally been supposed to be the Scilly Isles. Kassiteros, 
Humboldt informs us, is the ancient Indian Sanscrit 
word, kastira. It was in use in Homeric times, and 
appears to have been used to indicate equally the farther 
parts of India, the north-west part of the Iberian con- 
tinent, and the peninsula of Cornwall. The identity of 
the Scilly Islands with the Cassiterides has, however, 
been disputed by the writer of a notice of Heeron's ^* Re- 
flections on the Politics, Intercourse, and Trade of the 
Ancient Nations," in the Metropolitan Magazine, The 
reviewer says, " The ancient allusion to the islands called 
Cassiterides, with which the trade for tin was carried on, 
seems enveloped in considerable mystery; it is necessary 
to know something of the locality before an accurate 
judgment can be formed on this question. We do not 
helieve tin was ever raised in the Scilly Islands ; they 
are situated so far from the Land's End, that in very 
clear weather, at an elevation of between two and three 
hundred feet, we have been scarcely able to make them 
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out The roclis, sunken and apparent, and the cmr- 
r^nts, malie the navigaiion between them and the main- 
tanii at all times dangerous ; and, unleee in lutnmer, 
frail canoes of hides could not live upon it. . . • • « 
We are of opinion that ibe present St, Michael's Mount ■ 
ia meant, which, at ebb-tide, h accessible from tba 
mainland, where tin ia found in two ivajs, — in atream- 
worka and in mines. The Scilly Iflles are mere rockl, 
SL Michael's Mount, it is true, is no more of itself; 
but we know that there was other land, perhaps isolated r 
aiKO, in Mount's Bay, and since submerged. In those m 
dajfl, we do not believe tin was found in mines, whence 1 
it is now taken in the state of ore; it was, in all pro--1 
liability, collected from the stream -works, as they an I 
still called, in the form of what is denominated grain " 
tin. These stream -work a are horizontal excavations, 
open to the earth's surface, whence the tin is obtained 
by washing. The tin is found i 
dust is met with in some parta o 
deed, in Cornwall too, for in thi 
the workpeople collect a grain no 
in a guill until it ia full. These 
require machinery to descend in 

them ; pickaxes of holm, boxwood, and harts' horn^ 1 
have been found in them often — the inslrumenta of a J 
rude people and age. Skin canoes or coracles could I 
never have reached Scilly over the most turbulent of I 
seas : may not QIatrymnon, in Avienus, mean the .1 
Lizard ; the bay and isles. Mount's Bay ? then all ii | 
Bccounied for. The character of the Atlantic Oceao, i 
however, does not at present, and could then hardly 
hsTe answered the description ; — 



f the world ; aud, in- 
;se very stream -wotki 
w and then, and keep 
: stream-works do not 
> them or to drain I 



" The Atlantic and Bay of Biscay could havB. I 

differed but little in those days from the present ; tbe 1 
shore must have been kept in sight, nnd not approached 
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near enongh for the sea-weed to annoy the navigator ; 
yet floating weed is no douht intended. Himiico, per- 
hi^ navigated in an unusually calm summer season." 
This ohjection can have no force, since sailing from 
Spain towards the Scilly Islands large quantities of 
iioiting sea-weed are commonly met with. 

The much disputed passage of Diodorus forms so 
curious a section of Cornish history, that we quote it : 
** We will now," says Diodorus, " give an account of the 
tin which is produced in Britain. The inhabitants of 
that extremity of Britain which is called Bolerion, both 
exod in hospitality, and also, by reason of their inter- 
eourse with foreign merchants, are civilised in their 
node of life. These prepare the tin, working very 
skitfiilly the earth which produces it. The ground is 
loeky, but it has in it earthy veins, the produce of 
which is brought down and melted and purified. Then, 
when they have cast it into the form of cubes, they 
enry it to a certain island adjoining to Britain, and 
called Iktis. During the recess of the tide, the inter- 
vening space is left dry, and they carry over abundance 
of tin to this place in their carts. And it is something 
peculiar that happens to the islands in these parts lying 
between Europe and Britain ; for at full tide, the inter- 
vening passage being overflowed, they appear islands ; 
hat when the sea returns, a large space is left dry, and 
they are seen as peninsulas. From hence, then, the 
traders purchase the tin of the natives, and transport it 
into Gaul; and finally, travelling through Gaul on 
foot, in about thirty days they bring their burdens on 
horses to the mouth of the river Rhone." 

Sir Henry de la Beche remarks, that the Iktis here 
noticed is likely to be St. Michael's Mount, as is con- 
sidered to be the case by Sir Christopher Hawkins, 
Dr. Barham, and Mr. Hawkins, seems extremely pro- 
bable; indeed, as far as the geographical description 
above given extends, there is no other place on the 
Cornish coast which will answer to it, as seems gene- 
rally admitted* Although we are not to expect much 
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exactitude in the expressiotii employed respectiiiu 
mode iu which the ore oecurred, still the refere: 
the rocky ground and earthy veins would seem to j| 
thst it might have been partly obtained by i 
that time. 

After the coming in of the Normans, the 
Cornwall derived vast revenues from the t 
pecially Richard, who was brother to king Henry 3 
On the 2gth of October, 1201, king John j_ 
charter to the tinners of Cornwall ; and on the 101 
April, 1S05, Edward I. granted them another, 
though there were mines in Spain, the 
Moors had caused them to be closed c 
England enjoyed an exclusive trade in tin until ^ 
thirteenth century, when rich veins of this meUl H 
worked in Misnia and Bohemia about the year IS* 
Matthew Paris states, that the metal called tin i 
found in Germany by a certain Comishman, who, ' 
having committed a murder, fled his country. The 
Germans after this sold tin so cheap, as to materially ^ 
injure the revenues of Richard earl of Cornwall. A ^ 
charter of the mines was obtained by Edmund, eatl j 
Richard's brother, with several immunities ; the Stan- 
nary laws were likewise framed by him, and coniinned 
under his own seal, laying a certain impoat upon the 
tin, payable to the earls of Cornwall. 

These liberties, privileges, and laws, which are pat- 
ticularly recited in Plowden's Commentaries, were after- 
wards confirmed and enlarged by Edward 111.; wbo 
divided the whole aociety of tinners (dll then forming, 
as it were, one body), into four parts, called, from th^ 
localities, Foymore, Blackmore, Trewarnail, and Pen- 
wilh. He constituted one general warden or overseer 
over all the rest, to do justice in cases both of law and 
equity, anil to set over every company a subwarden ; 
these, every month, within their respective jurisdictionSi 
were to determine all controversies ; from these sen- 
tences or stannary judgments, however, an appeal migl^ 
te made to the lord wudea hitnaelf. 
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According te andent cuBtom, forty shillings were 
paid upon eyery thousand pounds of tin to the dukes of 
Corawatt ; and lest the revenues of the duchy should 
nfier, it was provided^ that whatever tin was made 
ifaoiild be carried to one of five towns, appointed for 
the purpose^ where twice every year it was weighed 
and stamped (or coined, as it was termed), and the im- 
post paid, before which, whoever should sell or carry it 
sway was subject to a severe fine. The stamp was the 
tesl of the duchy, and the coinage towns in the time of 
Edward I. were '* Lostwithiel, Bodmynyan, Lit>kiriet, 
Treueru vel Helleston." Bodmin, as we see, was one 
of the five coinage towns; but it was subsequently 
removed from, and Penzance added to, the list. There 
^ere also two other coinages, called by the tinners post- 
eoinages, and for which they paid four pence upon every 
hundred weight of metal ; these were at Lady-day and 
Christmas. After the coinage and other legal duties 
were satisfied, the tinner was at liberty to sell his tin 
as he thought fit, except the king or duke had a mind 
to buy it, for to them appertained the right of pre« 
emption. 

The disputes that \iiave from time to time arisen 
between the miners and the duchy need not be par- 
ticularly mentioned in this place. It may, however, 
be stated, that prince Arthur, eldest son of king 
Henry VII., stretching his jurisdiction as duke of Corn- 
Wall, made certain constitutions relating to the stan- 
naries, which the tinners refused to observe. After the 
death of the prince, Henry, who seldom let slip any op- 
portunity of filling his coffers, taking a liberty that 
was not justifiable by their charters, made the opposi- 
tion to the late prince a pretext to take the stannaries 
into his own hands. But finding that they did not turn 
to so much account as he had expected, he submitted 
to accept of 1000/. for all pretended forfeitures, granting 
likewise his charter of pardon. By that charter he 
further granted, that no law relating to the tiniiei^ 
should be made without the consent of twenty {out 

B 4t 



and those t 
borough i; 



] be chosen by the in 
u the four divisions, i 
Tiduals out of each. The charten which ktd | 
granted in the thirty-third and in the fiftieth yea 
die reign of Edward III., and by which the ti 
Cornwall obtained Eberties distinct from those ot^ 
yonshire, were revised, confirmedj and the jurisd 
of the ElaonarieB restritined, in (he i 
Charles I. The eldest son of the sovereign of 8 
realms is. it tnaj be proper to nienlion, duke of C 
walL This title, and the revenues accruing, belon 
present to the prince of Wales. 

The original stannary laws, and the privilege*] 
longing thereto, were in the beginning c 
Cornwall and Devonshire, tin works being largelyd 
ried on in both counties. But, according Ii 
Gibson's version of Camden, " though Cornwd] 
now the greatest ahare iti these mines, there beiiigl 
or no tin made in Devonshire, yet in king Ji^a'tV 
there was more found in that county than in ~ 
For it appears that the coinage of DevonAtre 
set to farm for 1 001, per annum, whereas that of Q 
wall yielded but 100 marks. ,And, according t 
proportion, the tenth thereof (6/. 13b. 6d.) ii 
day paid by the crown to the bishop of Exeter, 
king John did not first bestow these tenths u_ 
church, as some say, for lie only restored them, aM 
complaint made by the bishop, that those who i " 
the stannaries refused to pay him his due- 
It must not be omitted in the history af tin n 
to notice, that for a long period the mini ' ~ 
appear to have been in the hands of the Jews. 
race became possessed of them chiefly by taking t _ 

as securities for loans granted to the early dukes of 
Cornwall ; and at several periods, when they were Riueh 
persecuted, those employed in " tinning " were eepeciall^ 
exempted. There exisls many very curious records of 
this fact throughout the county of Cornwall. Rude 
furnaces are frequentlj found beneath the soil of tU« 
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eiisdng vallies. These are called t/inof* Hom^e* ; and 
the tin which is often found in Uocki, formed, it would 
appear, by running the melted metal into a rode hollow 
iDade in the soil, is called " Jews' Honae tin." The 
town of Marazion, opposite to St. Michael's Moont, sup- 
posed to be the ancient port to which the traders from 
the continent came^ is commonly known as Market 
Jew ; and a street in Pensance, leading towards Mara- 
lion, had formerly the name of Market Jew Street. 
These trifling facts cnrionsly eonfirm the somewhat 
kose historic statements we hare receired. 

In 171 1 tin was disooTered at Banca, an island on 
the south-east coast of Sumatra ; and since that period 
this metal has been imported into England and Holland 
from this island, Malacca^ and Siam. Other islands in 
the Indian Ardiipelago are now known to produce tin. 
Mndi of it is obtained by the Chinese, and indeed 
hrgely employed in China. 

The tin ores of Cornwall are found in veins or fis- 
sures^ locally called lodes^ and in hedM, which furnish 
strong evidence of a sweeping inundation having passed 
over the land^ rolled pebbles of oxide of tin being de- 
posited below large accumulations of sand and graveL 
The direction of the fissures or lodet is mostly from the 
north of east to the south of west. In this manner 
tiiey frequently pass through considerable tracts of 
eountry with very few variations, unless interrupted by 
flome intervening cause. There is always a deflection 
of the lode from the perpendicular line, which the 
miners call the underlying or hade of the vein. All 
mining districts are traversed by fissures which fre- 
quently intersect the mineral lodes at nearly right 
angles. These are not ordinarily metalliferous, being 
mostly filled in with clay and quartz, the latter being 
nsoally crystalline. These fissures have generally been 
formed, from a movement of the strata, after the forma- 
tion of the original mineral lode. Hence these ctmm 
etmrsetj as they are called, being the result of the shift- 
ing of large masses of rock, occasioning a dislocation of 
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the lode, are ca\UA faullt j and, accordingly, i 
moTement appeiirs to have been an uplieaval o 
preasiou, it is called a lieave or s i/rde. 

Veins of tin ate considered to be worth working W 
only three inches wide, provided the ore be good ; a 
of the mines, however, have very large 
which Einaller onea diverge. These vein 
cross each other, either horizanlally or in their j 
pendicular descent, when they are called conlra 
caunter lodes, hy the minere. From these c 
mineral vein without giving any warning, by h 

forse qushty, will suddenly disappl 
'hich is not at all uncon 
Cornish mines. Thus, in a single day, a rich vefi 
tin may suddenly terminate, and leave the n 
little clue by which to proceed in his attempts to n 
cover the dislocated stratum, A body of elsy oi 
matter appears to interpose, and although the w 
generally pursued, either by working in l' 
of the vein, or by ainkiog a new siiaft from the si 
mortification and loss not seldom terminal 
ture, the commencement of which was highly e 
raging. 

The lodes or mineral veins containing this n 
quire but little further notice than that already g 
It is usually found as tin pyrites ; a comblnstiDi 
tin with Eulphurj and mixed with copper ; 
condition of oxide of tin. The composition of | 
rarieties is as follows : — 

SiJp/.urel of Tin. 

Tin 

Iron 

Sulpliur - . . . . 

Oxide of Tia. 
Oiide of tin ... - 

Bed oiide of iron 
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Tin, in its dispersed form, or ^rtam tin, is either 
met with in a pulverised sandy state^ — ^in separate stones, 
called ihodes, — or in a continued course of stones, which 
are sometimes found together in krge numbers, and 
occor at Tarious depths from one to fifty feec This 
conrse is called a stream ; and when it produces a laige 
qoantity of the ore, it was formerly denominated 
Beukeyl, which is a Cornish word, signifying a iiving 
tiream ; and in the same figurative language, when the 
stone is but lightly impregnated with tin, it was said to 
be j%i9t alive ; when it contains no metal, it is called 
^md : and the heaps of rubble are emphatically called 

The streams are of diflferent breadths, seldom less 
ifaan a fathom, and often scattered, though in difierent 
qoantities, over the whole breadth of the moors, bottoms, 
or vallies, in which they are found: when several 
streams meet, they frequently make a very rich^oor of 
tin, Huel- Jewell, near the Gwenap mines, is famous 
for producing tin-crystals, in the substance called by 
the miners growan, which is nothing more than a de- 
composed granite, consisting of transparent quartz, a 
small portion of decomposing felspar, and silvery mica, 
partly in a decayed state. The crystals are resin- 
coloured, and are scattered throagbout the whole mass 
in the shape of tetrahedral pyramids, and their modifi- 
cations, with and without the intermediate prism. The 
famous wood-tin, as it was called, from the appearance 
of wood which some of the pebbles exhibited, was for« 
merly found in the Loth stream-works in abundance ; 
but aU these works have been washed away in violent 
storms. It was nearly the colour of hematites, with 
fine streaks or strie, converging to the difierent centres 
like the radiated zeolite. From the experiments of 
Klaproth, it was found to yield sixty-three parts m a 
hundred of tin. In many districts, beautiful specimens 
of wood-tin are still obtained ; and, within a few years, 
^me very remarkable examples of wood-tin in the lode 
have occurred. 
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It Bhould be understood, that the tin probities itre not 
diBpereeil tlirough the maEs of gravel and satids in the 
valleys contdning them ; ihey are found at the base of 
the nhole, resting upon the subjacent roDk, cammanlj 
tenned the nheff, forcing their way, particularly when 
the tin-Btone grains are fine, into b1[ the chinks and 
crevices an lis surface. At Camon Strenm Worki, 
according to Mr. W. Henwood, tliere occurs from twelve 
to fifleeii feet of Esnd and mud ; then from eighteen to 
twenty-two feet of sill. Band and Bhell^ ; then a thidf 
ness of one foot six inches, composed of leaves, mow, 
wood, and nuts, mixed with oyater-shells, animal re- 
maina, — those of the deer being the most abundant, — 
and tome human skulls, and twelve feet in thiclinns of 
(in ground reposing an tlie rock, which is a pale-bJue 
clay-slate. _ The occurrence of human skulls in these 
deposits is not a little remarkable. 

Before adverting to the signs t1ist are allowed in gene- 
ndto indicate ihe proximity of a favourahle spot for sink.. 
ing a mine, it may be proper to nienttan, that formerly, ; 
implicit faith attached to the use of tbe virgalar diinnf* 
toritt, or divining rod ; nor was this superstition by any 
means conHned to the ignorant or the illiterate, but ex- 
tended to the best informed of the overseers tbemselTea, 
Even Pryce, one of the most Bcieiitific and esperienwd 
miners of Cornwall, appears to have been an itiflexitde 
believer in the extraordinary effects of this rod, the nu 
of wliich, although of great antiquity in foreign conn- 
tries, was introduced into this only in the reign of queen 
Anne by a renegade Spaniard of the name of Riberia> 
Pryce thus describes the construction ami use of ibe 
rod ; — " The rods formerly used were shoots of one 
year's growth that grew forkeil ; but it is found that 
two separate shoots, tied together with some vege- 
table substance, as pack-thread, will answer rather better 
than those which are grown forked, as, their shoots being 
seldom of equal length or bigness, tliey do not handle so 
IS the others, which may be chosen of exactlv thc 
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same size. The shape of the rods thus prepared will 
be between two and a half and three feet long. They 
must be ded together at their great root ends, the 
imaller being to be held in the hands. Hazel-rods cat 
in the winter^ such as are used for fishing-rods, and 
kept till they are dry, do best ; though, where these are 
not at hand, apple-tree suckers, rods from peach-trees, 
currants, or the oak, though green, will answer toler* 
aUy well. It is very difficult to describe the manner 
of holding and using the rod ; it ought to be held iu 
tbe hands^ the smaller ends lying flat or parallel to the 
horizon, and the upper part in an elevation not perpen- 
dicular to it, but seventy degrees. 

*'The rod being properly held by tho9e with whom 
it will answer, when the toe of the right foot is within 
the semi-diameter of the piece of metal or other subject 
of the rod, it will be repelled towards the face, and con- 
tinue to be so while the foot is kept from touching or 
being directly over the subject ; in which case it will be 
sensibly and strongly attracted, and be drawn quite 
down. The rod should be firmly and steadily grasped, 
for if, when it hath begun to be attracted, there be the 
least imaginable jerk or opposition to its attraction, it 
will not move any more till the hands are opened and 
a fresh grasp taken. The stronger the grasp the livelier 
the rod moves, provided the grasp be steady, and of an 
equal strength." Nearly fifty years ago, when Werner 
visited Cornwall, many surprising stories were told to 
confirm the accounts given of the powers of the virgula 
divinitoria ; and at that time, he said, ^' implicit credit 
was given to the virtue of the rod by all persons con- 
cerned in the Cornish mines : most of the workmen 
were firm believers in it ; but many of the captains 
were sceptical ; and all the proprietors absolute infidels 
in this respect." At the present time the belief in the 
divining rod is confined to a very small number of 
people. 

Although there is no rule by which the existence of 
a ?dn of tin can certainly be determined by the appear- 
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ance of merely EUperfifial Eigns, yet there are i 
indications that rare!; fall to paint out the proxlin 
a lode wheD near the surface : these a 
of the spat ; the presence of shatiered fn^ments a 
ghodea or stones already mentioned ; 
harsh metallic taste of the water 
spring. Somelimes, however, the richest lodecJ 
their discovery to accidental causes, such a 
ing of rocks, the washing away of sea-c 
frequently, in the working of drifts or adits ; these t^ 
cat in a direction north or south, rich rei 
intersected at right angles. After a spot ci 
has heen discovered, the next consideration ii 
whether a mine may be wrought with advantage. J 
order to determine this question, the projector will 3 
weigh all circumstances connected with the place 
partictiJarly ita situation as to wood, water, i 
healthiness, and the like, and compare the result I 
the richness of the ore, the charge of digging, i 
■washing, and f melting; 

The Biiuation of the spot should particularly be.l 
sidered. On many accounts, especially before tile W 
ductian of the eteam-engine, mines in m 
sitnatJons were worked with much more 
economy than others, on account of the c 
which ihey afforded, as well for the scooping a 
horizontal gangways for the bringing forth of the oj 
for the more difficult perforation of drains to canjS 
the wuter. The immense steam-engines now erecb 
raise the water have tendered the working of the n 
somewhat lesa dependent on siiuation; though some- 
times, now as formerly, the adiis, or drifts for dw 
emission of tiie water, are carried for a mile or two 
through hard rock, at an enormous expense. 

It is a most remarkable fact, that not only in hills and 
Talleys, and from the plains, have the enterprising ex- 
plorations of the tinners been conducted — some of the 
Cornish mines have actoaliy been carried to a consider- 
able distance under the sea ; some of these submarine 



excaratioiiB displaT. is « strikinr manner, tb*' eff^tra v^ 
peneveranoe and the defiance of daiiper ol Umt y^r: v: 
die miners. 

Bat the most dngolar work of th» kiiic wa« c^»^'u:'>rf 
more than a century ago,, in the midst of :ri«- mt*. nea- 
Ae town of PenzantJe. At low wattr if. :«!► !•;«'.-* l 
gnvellv hottom wat left bart. in vuzcii wnt lijuru'vrrrt 
a mnltitacie of smaU vrinF of tin ort. wines vrvbM" 
etch other in ererr cirecaon thmuri' tii'. trvai. ro'jK. 
The adjacent rock alno contained liiif xuiii'-ra. :i. '."Ji.- 
siderable quantities : ther vori;etl thi* rv:i r:u*r:t*'\»r 
the sea, the time, and the aeasoii vnujr itfnv.ii. uhxl iim*- 
depth became too great. T'jt tije ivUvr-iuv avc-uu::: ti*. 
ire indebted to Mr. Hatrkinh. 

The first attempt? to worr iiin siTiruiar n.npb af 
fiid to have bees made tuwarut tiie b^viiiitii: w o'. *..v 
last centurv. when mavT pnial. v^ut v'. tii. u^jn;: w^ 
served to cross a rocky tbw-L wiiici. ii- */::jfOk»rt ii %i^r 
at low water; Fome persiTiiifr wert inciucv- ii ir.a&* r 
an object of irir.irc: adveiitu-t. K''v j(»i;:" ".li*-; iff-.- 
severed in tl.is d:^?'j.:: *'T.:»'rp"iv.. aiif. v::is: v..-« :.:. 
mechanical aid? of wh^rL tri*" t'-aiiirr ■.ii-"r *■. -.•->. . 
not known ; but :he woriiK. af :*-r !>:•.:::■ -i;;.j h :: • 
depth cf a rery few ftiiiuinb :l iw- r^':i.. ¥i*r'- i.:.u'. ; 
abandoned. 

About the vear IT*"**, t U'.'^t Tr;ii»r r* :.» :-«i'. i 
Breage. whose npni*: wai 'J'2ri'•!a^ ( v.'\i' i.n' :. * • . ■ 
ne?s to reriew the Btz'^ir]'',. Tsa '!:s:,;:i'.. <»• -.;,. 
fmn: the lieichV'uriTis: befc'/:. f. i:;::: vi:-.*-r i* a-^ -.: 
fa:LoTE5 : aiid this,. Il ♦.■o:.'s*-'.;u^:i';» ".' :ji- f- ;fcii"-. : -■ 
of ibe beach, is Eot irjutpriLv j*r:T-'»?ii'r: c:: i- v v*:..- 
It is calcnlat^'i that t":i*: sur^a'.-*: n' :'i^ ro'-i .•■ '.■■■•■•!-• 
about ten rr;or!:h^ ;:. ::it y*ra-. aijt. -.tjc!: ::j* '.•;;:; o" 
•water ori it at Fpririi: ti'..ei i^ :::.":•:••::'! :»:■:■.. '.' ;i« ;<?•- 
Tsiiiyjir wines occasioT; a vvrv t-r«-i.: ku-' :i*"' *•'■ : • 
s"j.Tr,:T/er : rut in wi:;tfT uxt wt '.'u-**. '.'•**.' i.'i*. .'^i';] .: 
^uca a rr-aiiner. £«: to rt":'.*:T ti- a::'.-:: ;>tf f. ',a."". •.•! 
iTiininp cperarici:! uritviLili-j:- 

?'j*:h were iLe c.ifi?'- :.-'_'fc vlii'jL a ji'-'y.' ::i'i. »i'. '-u. 
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had to surmount, wbu^e whole capital, perhaps, t 
ten paunde. As the work couU! he prosecuted 4 
during the short pcriott of time wlieti the rock a 
•bove water (a period which was still further a 
[ by the neceEBicy of previously emptying the exf» 
three summerE were consumed in sinking the i 
shaft, a work of mere bodily labour. The use otj^ 
ehinery then became practicable, and a frame of bi 
being applied to the mouth of the shaft, it t 
to the rock by pitch and oakum, made w 
the same way, and carried up to a sufficient 1 
above the hij^hest spring tide. To support this boa 
turret, — which was twenty feet hish above the d 
and two feet one inch square, — against the violen( 
the surge, eight stout bars of iron were applied Q 
inclined direction to its sides, four of them belowt* 
four of an extraordinary length and thickness aboi^ 
platform of boards was then lasbed round the top oi 
lurret, supported by four poles, which i 
connected with these rods. Lastly, upon this p 
was fixed a wina for four n 

It was thought that the miners would thus h 
ahled M pursue their operatJons at all times, evi 
ing the winter months, whenever the weather v 
particularly unfavourable ; but as eoon as the exc 
was .carried to some extent in a lateral direction, J 
was found to be impossible ; for the sea wal 
trated through the fissures of the rock, and ii 
tinn as the workings became enlarged, the kbo 
raising it to the mouth of the shaft increased, 
predecessors, as well as themselves, had carried o 
excavations loo near the surface, which not only a 
the rock more permeable, but less able to reei&l 
niense pressure of water at high tide, so that i 
necessary to support it with large timbers. T 
I this disappointment, it was found impossible ti 
1 the watcrfrom forcing its way through the shaft didp 
■ the winter months, or, on account of the swell and fl 



'Id tBoare the tin>Elone from llii- rock U lk« bcMfc 
tjipodic. 

Tbc whole winter, therefore, wat « period «f Isanka ; 
■ndil WB8 not before April ihtl the repilar wetUnf af 
tin mine could be reiunieJ : nercrthdnt, iht ihMC 
tttcml which was stOl allowed for taboiiT bebw pwil, 
aSced moat richly lo rcwud the bold »ii<I fntraimf 
ftojeeior, and lo give hia mine the crpotalion of ■ vtty 
pnfitabte advenliire. 

Whether he ever felt a convictkin of the poMtaiif 
>r nmoiriiig BO man; natural ctetade* ta Ut tmmfltit 
twxtt, 1 know not, although ihtfe fi mmm Idmmm* 
Ibit he did ; f or when 1 aaked hia opfarioa «f dM MMMk 
tf erecting a Ughthouee on the tramwloai W«IC-BMfc, 
be professed hia belief in iia ptBcdcafatlitf, tntt aaif- 
gcMtil, a» far preferable, the blowtt^ op (rfT the vMj)* 
loci;, which be leadil; engaged to do far a prapw f»- 
Banaation. 

The foUowirg was the lUte of Had Wberrf to tf» 
tnninn of 1791 : — 

Depth of the piunp, shaft, and o^tfcc wmiiaip, lam 
ftlbonti two feet. Breadth of the — i tio fp, ll^W 
feel. The roof was worked awaj ia aeae piMH W dke 
Aidmess of Ihree feet. Twdve aa wcve imjlayrf 
br two hoiira at the winz in hanling the vitor, «M> 
■ix men were teaming from the bttowi nlo the pM*f> 
The men worked on the toA ut haurt afiCTwcnia : ta 
i^ ei^t bonn. Thirty aadu af tin ton e aerc knAea 
M aa average every tide ; and tea mkb ia Ac apacr of 
rii mombi, wotldng abovt flne-teaA of thK il^e, 
bvke about 6001. worth. 

Thoe ii something vet; ttnatbUe m dw aaXmA 
Uttoiy of tJii* mine. The woaUnga were mpgtird !■ 
aeoone or rhannel of elTan, a perpfiynue rocli, tfaoM 
^^eleea feet in tsckdth, which mna N. W. tc S. Z.. 
Hi owlerliei one foot and a half is a Ealboni lo the 
S. W. It ia diseoverahle oa ihe beach at half-tide. 

Bcndea ibe nnaD veiDs of tin which ran dmugfa 
4fa nefc, it* whale maaa wai impregnated with tin to 
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Buch a degree, as to be worth the expense of r 
Fifteen feet of the eighteen which composed the b 
of the elvan, produciug 1000 cwt. of "white t' 
] 600 sBcka, and Boothei foot aa much as 1 cwt. of H 
tin in every saclc. 

On a close inspection of the mass in which the B 
thus abundantly dispersed, the grains appear of afl 
talline transparency, and so equal in size, and 
distributed, as to form as it were one of the Ci 
parts of the porphyry. The term slannified j 
which has been apphed to it, is not, therefore, im 
It is said to have been the first tin-atone 
burnt in Cornwall before it was sent to the si 
mill, a common limekiln having been erected f 
purpose, which was found lo answer completely. 
olgect of this operation was to render the teicture ol 
stone more friable. 

In September, 1792, Mr. D. Gilbert wrote U 
Hawkins as follows : — " The course of i 
porphyry near Penzance (the Wherry) ] 
make a very great mine. There are indicai 
tin being cotitinueil to a great extent in botl: 
and the bottoms are growing longer and r 
A house, near the green, built with fragments c 
stone, which were probably picked up o " 
broken from the top of the rock, is, I hear, to be p 
down and rebuilt with other stone, for the sake ci 
tin. An adventurer told me that 30007. north oi 
has been raised from this extraordinary i 
course of the present summer." 

In a subsequent letter, Mr. G says ; " A M 

engine is erecting on the green opposite, and thej^ 
constructing a wooden bridge from thence lo theQ 
to serve as a communication, till the engine s' 
been sunk sufficiently deep, and a drift worked 
a stage for supporting the sliding, c 









The bridge tlma constructed answered also the g 



fose of conveying t 



ind deada lo the shore. , 




r 



Me from iis ancfaorig« ii 

■Ipiiwt the stage, demoliihtd llie n 



Ail 

^I'JBt ui end to an adrcnmre wUch, tMli i 
Pf at saeixss, wm probaUjr nem' 
W eOBBIry. 

Pf TliiE minr was ^tin voiced ■ f« . 
PI Ahoii^ there Ru ■ vftjt Uf^ tam of —ry n* 
pnded, and all the adTutagn of ibe 
taipnived macbiner;' secured, U fatkd to W 
OttUisbment, and wu ereBinaD; 
■bonld be remarked (hat, in ad£tioa 
nit of B rarer character were prodnm) at the HTwrry ; 
: Taloable «n> of coMi, wkkh 
ireic cast aside and loil. Etcti wnhin ifae hat few 
f«an, good bpecimens of tin-white cobsll faa«e hatn 
Esllected flrom the (revicea of the mdu, a ibott itJMMn 
ibove the low water le»eL 

The foUowing description b; Mr. Henwood ii a pcr- 
fcet Ufaiatration of the daring of the Cornish mrDeia : — 
"Iti Little Bonds, Botallack, and Wheal Cock, tlidr 
lurdibood tempted them to follow the ore upward*, 
even to the «ea ; bnl ibe opening) made were rrtj anuD, 
snd ibe rock being eitremely hard, a co»mng of wood 
:nt in the two former, and a iRiall plug in ihe 
ne, sufficed to eidade the water, and protected 
the workmen from coitteqaences of tlietr raihneo. 
** In all diese, and in M'heal Edward and LaTUt, I 
re heard the dashing of the billoirs and the grating of 
the abingle over head, even in calm weather. 

" I was once, however, underground in ^Vheal Cock 
dnriog a Elorm. At the extremity of the lereJ leaward, 
wme eighty or one hundred fathom* from the ahore, 
Kttle eould be heard of its effects except at intervals, 
when the reflux of some unuEuaUy large wave projected 
a pebble otttwant, boiuiding and lolling orer die rocky 
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bottom. But when slanjing beneath the base of' 
cliCT, and in chat pait of the mine where but nine 
of rock Blood between m and the ocean , the heayy 
of the la^^T bautders, the ceaseless grinding ti 
jiebblea, the fierce thundering of the billows, witfa 
crackling and boiling as they rebounded, placed t ' 
pest in its most appalling form loo vividly before 
be ever forgotten. More than once doubting the 
tection of our rocky shield, we retreated in aff ' 
, and it was only after repeated trials that we had 
dence to pursue our investigations." 

Notwithstanding, however, these prodigious eSbrtl 
ingenuity and perseverance, and others that might 
mentioned in connection with mines opened in modi 
times, there can he no doubt but the original tinmoB 
Cornwall confined their operations almost entirely tod 
colleclion and reduction of such ores as were most SM^ 
accessible, more especially to the siream-works, aa Al 
have long been called, not in the mining sense, . 
which the terms imply a living stream of ore, hot 
meaning «imply the conducting of a current of wal 
over ft bed of tin, and which, by washing away tl 
lighter matter, leaves the metal to he picked up whc 
the operation has been carried on. When, in prooeaai 
time, pits were Eunk in those places where the 
Bbundance and richness of a vein led the miner to pel 
trate beneath the surface, the produce was raised 
being thrown upon successive stages or platforms, 
thammels, as they were called in Cornwall, by menai 
ranged at different elevations. How great an " 
nient upon that tiresome method must have bei 
introduction of the windlass, even in its rudest 
may easily be conceived. By means of this well 
contrivance, not only was the raising of the solid cd 
tents of the excavation amazingly facilitated, but, wl 
was of equal importance, the water was cleared out 

s, by means of buckets, with a degcee of de 
Spatch that had not before been practised. 

Punpt worked by men, water-wheeli, or honet, 
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I tJj fn traduced to drain the mines; and 
the MeaDi-eng;iiie wu onplojed for ihii tni- 
poae ; tnd it should be otwened, that during 
be calkd the infuic}> of (his noble prtoi* 
and before its powen and tta precisian 
Implied to the driving of rotary machines, the 
of the Cornish mines were among the earliest 
ready promoters of its xaes, daring the suc- 
B of its improveinent, from iti nideit to 
.vely perfect constniclion. At the present 
of the largest engines in the world are 
drawing the water from the tin and copper 
inet of Cornwall. 
In man; inatances the worLlng of the mines is ctill 
1 by means of the old-faihioned winiUats, 
generally with the viUm, or ichimfey, or, ■* 
called in the norUi of England, when 
by a horse, a gin. The whim is composed of 
perpendicular axis, oji which turns a large hollow 
pUnder of timber, called the cage, and around this a 
winds, horizontally, being directed down the thifl 
pulley fixed perpendicularly over the mouth of it. 
1 the axis of the cylinder a transverse beam la fixed, 
i the end of which two horsea or oxen are fastened, 
pi. go their rounds, hauling up a bucket or kibbit full 
r ore, or rubbish, while an empty one is descending, 
n most large mines the whim is worked by steam. 
Until the seventeenth century, the methods of de* 
^ng the masses of ore inside the mine were as im- 
erfect as the modes of raising it to the surface were 
Tools of iron had superseded the implements of 
id even of wood, which the ancient miners used ; 
nt, notwithetandinr! picks and wedges of metal enabled 
the harder substances in which the ore 
it was not until the introduction of gun- 
about the year 168+, that the workmen were 
Oiabled with facihCy to detach, by gunpowder, the 
est, and Bometiinea, also, the richest masses. Some 
n may be formed of the extent to which this irr^ 



1 



gistible agent is employed, from ihe fact, that, accordii 
to Sir Charles Lemon, there was employed in ISJ 
300 tons, which, at iil. a (on, amounted to IS.SOC 
The following articles used in the same year give 
good idea of the extent of oui modem mining operadgi 
in Cornwall: — * 



Coab - 


- S6,B60 tom ■ 


■ £48,331 


Timber - 


- 14.056 load. . 


36,545 


Cundlea - 


- l,3M,000 1bs. 


35,000 



According to the estimation of Mr. W. Henwood, 
appeara that not less than 30,000 men, women, U 
children are employed in the Comiah mines alone. ' 

Tin is not unusually combined with wolfram, tnn| 
state of iron, and other substances injurious to it. H 
following account of the mode of cleaning the tin iri 
not be without interest, as it involves the new proee 
of Mr. Robert OKland, by which the wolfram ia no 
easily separated, and the value of the tin greatly il 
creased. 

The ore is brought to the surface, or " grass," in I 
iron waggon, running between four rails, adjusted ' 
the irregular inclinations of the sides of the chasm, 1 
the power of a steam-engine and water-wheel. Tl 
ore ia discharged into another wa^on on a horisoDI 
railway, and conveyed to the dressing- floor, where tl 
large masses are broken or " spalled " to a aize soitab 
for the crusher. The whole is then washed, to remO' 
the mud, and after being picked over by "bal maideni 
(girls employed at the mine lo remove waste), the r 
sidue is conveyed to the powerful crasher, and is groot 
down to a coarse powder. In this mine, the black tl 
is sufficiently coarse-grained to allow of the efibctu 
aeparation of the waste by this simple process; but ; 
the greater number of mines, the black tin is of iiH 
fine grain, and so completely distributed throughoi 
the entire mass of the matrix, that it is impouible 
dtess it properly without reducing it to a very fil 
powder, which can only be effected by stamping. Frv 
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the cmaher the ore » taken from the ilcesun g-floon. 
xhcre, by a series of washjnfi, in rniining streinit anil 
it ilill WRler, the whole of the eanhj roitien are 
■liiMt complelel; Rpsnled. The residue coniiiu of 
ibe black tin, associated with iron, copper, and anenical 
pjritea, and with wolrram. By the aeiioD of (he 
wita, ituB mixture of rneuJlic maiten, lermeil uJM#, 
mQ have been sorted out into different lized piins, 
Kchnically called, "jigged will*," " flocaa witu," 
"Bmallg," "alimeB,'' &c. These witt* are, in llie next 
flMte, conveyed to the burniDg-houBe, where the; are 
lOMled in a large reTerbeiaioiy furnace, at a red heat. 
The black tin and wolfrun remain unaftcted tberciiy, 
hot the aulphur of the pyrites ia partly converted 
Into sniphurous acid gaa, which pames away into the 
ktmoBphere, and into sulpboric arid, which combinei 
with an; copper present. At the tame time, the iron 
k oxjdiied and rendered lighter ibaii befoie, and (he 
atMnic is converted into arsenioiis acid, which, being 
TobtilJBed by the beat, paiae* on into the flues, and ia 
there condensed. The calcined ore is again watbed on 
the fannuog-hoiise floors ; and the clean bUck tin oh- 
teined, if free fnnn wolfram, would be ready foe the 
■BMlter, and would vary in value according to the cnr- 
letn price of the metal, from 501. to 651. per ton. The 
preience of wolfram very much afl'ecu the price of ore. 
Uma, a sample which obtained only 421. per ton, wu, 
•fter having been subjected to the procew for the 
Wparation of the wolfram, worth 561. 10», In conse- 
quence of the specific gravity of wolfram being greater 
than that of black tin, it could not be separated by any 
wsdiing open lion. 

Such an ore is now misei], in proporlioni indicated 
by the quantity of wolfram pretent, with soda-aah, a 
CTIide carbonate of soda, or talt-cake, sulphate of soda, 
and the mixture calcined in a reverberatory furnace 
yiovided with an iron bed to prevent the reactions that 
HiMld otberwiae take place between the constitDen» of 
the (oda, the tin, and the tongitaiie. By 
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ihU calcmatian at a red heal, the tungstic aciil it o1>> . 
liged li> leavi: the icon aiiil combine with the sodi^ ^ 
producing tunggtate of sods, which is loluhle in water, . ^ 
and is thue capable of being removed easily. The ie~ ■ 
uduary oxides of iruu and itianganese are then acpaiated | 
\>j washing, and the black tin obtained pore. ' 

By evaporatiDg, and thereby concentrating, the solu- • 
tioD of tuiigstate of soda, it is obtaiiued in the crystalline 
form, and is now being used as a mordant for dyeing 
purposes, and for the preparation of pigments. Thin, 
tventually, the wolfram, instead of being the cauae of 
deteriorating the value of the tin ore, may be the meant 
of CDhancing it. 

The smelting eBtablishments consist either of cap** 
cioiu reverberatory furnaces heated with coal, or of 
what are called blowing-houseB, from the fire being 
urged by a blasL The fuel is commonly charcoal. 
The largest eiecdoo of the former kind in the county 
ia that called Calinnick, about a mite from Trtiro: 
it comprises ten or twelve furnaces, each six feet 
high, and nearly twelve feet in length; here " euLii- 
coal is used as the Bax, in the proportion of about one- 
eighth to the ore, of which nearly 600 cwt. is smelted 
within ail hours, and yieldi about 350 cwt. of tin. 
The blowing-houses are near St. Austel ; and in some of 
them cylinders are used, and in otheis huge bellowa.'* 

The tin is run from the furnaces into moulds, yielding 
blocka weighing from 3j| cwL to 3^ cwt. each. Thcw 
blocks or pigs, after being coined, are either sold entire* 
or again recast into small rods to suit foreign markett. 
One of these rods, on being bent backwards and fcr- 
worda, yields a singular crackhng sound, and at the 
same time gives out a peculiar odour. The followiag 
are the prices of British tin Jn 1852: in Uocka per 
CWL, 4J. iSs.; in bars, 4J. 19«.,' grain blocks, S£; re- 
fined, SI. It. Notwithstanding the prodiictiveness of 
" :at Britain imported in 1850, 1791 
, 2587 lon»,- and exported in 1850^ 
764 tons, and in 1851, 1011 tons of British tin. 



H tons, and In 1 

^^^^^ '764 tons, an 
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pinb. TW pooe af tai, ikBR 4te mmkK ^ 
. . m M tbe Mmdud, b fcnwti rf bM j«« 
&« 1* to 90 Spamli AJIms ps ficA Ofvi « *e 
nge of Ic per doOar lo tTc «d 074L f« oas. 
■Tcra^ of dtne prica tke aMHri (idv rf dK 
•lule or Hn^ M*lsT liu *ffl k ^M £«MOK. 

Dndl Ociober, 1&S8, all tiB«tint4B Aclta^ W 
Coiiiw«ll paid a Ai^ (e dw ifcih. at t* Ac vaonp 
■hen tbere was no dkkc: ifaK ^adHd is C iiii i J rf 
hfoi ISOIbc; thniiiI>m«iru.^telUAL 
He w^hing necc^Biy Ed> drBMiBUg te '^ 
applied a record «f the ^MBtilj, Hd Micili^MMM 
Oere U no meanc «f diwoTBii^ tat ijaMiiiij «iA a«- 

Anlhorities are not ifrecd n IB the tiae afecs fri^ 
Oil fint began to be Ribsdtmtd n dw 
sndting-hotiEes foi wood or 
gEnerally nipposcd to hare bees abavt ifiKL n» 
qoatioD, ai to the diMorery tt " 
naefol fuel la proper for the Sos 
tween Pryce. io his account of ik ■JwtiA^ at Ch»> 
irall, and Beechefj ■ ■ — 

rarioiu penecDtions in his 
ComwaU, where he 
into the method of mining. Bcecfccr'* »ebtmt if ifce 



tained in the following wordi: — " ^^bm ■■% ^e, ft 

naniin lilhantracum Btanmnn et i ' - - - 

Coroubis hacitTiug i 

On the other eiile, Pt7ce sa^i expi 

mt lait Euggested the incroductioo at pir i— 1 br dv 

gradting of tin ore; and, among odicra, W Sir Bnil 

GrenviUe of Stow, in this conncj, temp. Car. I., wb 

■nade several experiments, though vitbinit iwetTw : 

neither did the eSectual smelting of tin ore arith pit- 

coal take place till the wcond year of qneen Atme,' In 

the undting of this, as of other metals, \' 
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of this fuel has been productive of immense advantages. 
The following table exhibits a very close approximation 
to the quantity of tin produced in ComwaU and Devon* 

Tons. 

1845 7739 

1846 8945 

1847 10,072 

1848 10,176 

1849 10,719 

1850- - • - - - 10,052 

1851 9,872 

1850. — Tin imported, 1791 tons 6 cwt. Of this 
quantity^ 1145 tons came from Singapore^ including of 
course the tin from Banca and the other East Indian. 
Islands. In the same year^ of British tin we exported 
1764 tons 12 cwt^ and re-exi>orted 446 tons of foreign 
tin. 

1851. — The tin imported amounted to 2587 tons, 
6 cwt Of this^ 952 tons came from Holland, and 805 . 
tons from Singapore. The Dutch having possession of 
the market derive their tin entirely from Banca and the 
adjoining islands. The tin exported was 1011 tons 
of Britidh tin, and 2459 tons of foreign. 
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^ALUAMUt PBomsm or ixh. — axbcuk or touB 
ooMMOir. — mi^oii. — vam of sur for ckmbmc 

MSKAU. FBOBABLT UWITV VO fllB BOMAMib. — XUfmOf 

▼■SSIL8 VOX wovn iir MKBCvLAnrM. <— nirvjMc o» 
nurar lovo irscixcfXD ar tmk kvcubl — iiv»apu< 
An> snccxss or xkk MAVurAcrrms. <— mcx-ajhi WM'i 

XTXET OXHB& OOUVnT ZV OU fgCAUTT «V JIBS' ««. 




furimro. — bouihg* ncKLUG, Airj» msovbiisc. — jitmiiG. 

— ABKAVOBMBn OT VVB BV VOfS. CLBA VUW AM» ThOt^ 

nrO THB rUkTBi. — TBICBS or ■BKR BB.— 



or xuriiBBT. 



It would be tedkras to leetpxtolcie in ibif pboe die 
sabstanoe of the Tuioiu ditwiMiOoi which hmve taken 
place, as well in this at in other oonntriei, upon the 
question as to whether the TaluaUe metal now univer* 
aidly known as tin was in reality the ooMrtierra of the 
Greeks^ and the tUmnum of the Romani ; or whedier 
these terms may not in the first instance have been ap- 
plicable to the mixtore of lead with ailTer^ whidi was 
Tcry common among the ancients, and still more so of 
late years in Germany, mider the designation of werk^ 
of whidi vessels of all kinds, similar to the pewter 
wares formerly used in this ooontry, were maniifac- 
tared. Of the composition of this trerk we shall speak 
hereafter, when treadng of the smelting of lead. Of th» 
there seems to be no doabt; namely, that whaterer may 
have been the specific metal called flumVum album 
and plumfmm candidum by Pliny, and of which the 
9a$a iUamea of the Latin authors were made, that the 



earliest method of using lin for the fabrication of ti 
would be by caatirg ; a proceGs of which the nature fl 
the metal itself would at once suggest the practicabilil 
It has, nevertheless, been noted aa a remarkable c' 
stance, that vessels of tin have rarely been found smoi 
Greek or Roman antiquities, and that, when so di»cov»i 
the nature of the metal haa often been very doubtfl 
though tin is less apt to change from the acti 
air, water, or earth, and, at any rale, far surpassea 1 
durability copper and lead, ancient articles of v' ' 
are frequently found. It poiiBeaseE also so msny exol 
lent properties, that the people of every age to vbt 
it was known, would, aa we may siippose, have e 
ployed it in a variety of waya. It recommenda itself ■ 
its superior silvery cobur, its ready fuuon, the e 
with which it can be hammered and twisted, its 1 
nesB, and its durability ; it is not aoon tarnished ; 
Btill less liable to rust or to oxidize ; it not only n 
its splendour a long time, but when lost easily rec 
it again. Yet, notwiihEtanding these valuable { 
pertiea, the comparative ignorance of the art of el 
mical casting among the ancients, the value of ti 
compared with what niUBt have been the treigb 
articles thus formed, and the probable absence of tl 
methods of uniting beauty with lightness, which I 
application of the rolling mill, the stamp, and 1 
la^e has placed within the reach of modem ingenni 
especially in the manufacture of what is caUed Britaniq 
metal, may well enough account for the rarity of al 
■peciraeiu of solid tin ware. In this country, in 
the consumption of tin in the manufacture of aitidl 
composed exclusively of this metal, is very ii 
■hie ; the greater portion so uaed is in the state of leavf 
or what ia called tin-foiL For this purpose the n 
is either expanded by means of rolling or hammering, q 
by these operations combined, unlil it is hardly t' ' 
1000th part of an inch In thickness; this is the 
■tanoe which, covered with a portion of mercury, < 
poses what ia called the " silvering" of looking-glasw 



■he best cf the ■ncient metdlic mirrart or ipiviih, were 
■Ik mule of k mixture of tm uid a>p|«r. It hM also 
iDlber tnd very important use in th« economy of our 
Uional tnanafactores : the solation* of tin in the 
iliic, muriatic, and nitro-nilphurlc tnd lartarie addi, 
* much used in dyeing, »» gi*in(( a d^ree of penna- 
Deney and brilliancy to several cotoura, not to be obtained 
1^ tb« use of any other mordanie. For thii purpdie. 
a variety called grain tin ia employed, which ii prepared 
tiy heating tlie blocks of tin in a bilb of meiial tin, 
■lul when the lemperatDre has been aufficienlly elevatol 
tt csiute the block to asaume a crystalline ttnirinre, It b 
wiUMJrawn from the baih and Imiken into piece* by a 
blow from a heavy hammer. Under these conditiocM, 
the metal, if ptire,aatunietasemi-CTyBlalliii<appearaiiot, 
which is regarded as a test of its good quahty. 

One eiiremely important application of tin, and 
vhicb the modema have carried to great perfection, if 
in coating other metals; and it ia questionable bow 
far or whether at all (he ancient* were acquainted wiih 
ihii beautiful and economical use of tin, or whether 
diey formed the bodies of vessels entirely of Uiii nb- 
(t*nce, SB of ihe other metals with which tbey were ac- 
quainted. It has been mippoied tliai the nuo tlannea 
of the Romans may rather have been vessels of copper 
Hnjted on the inside, than cast, or otherwise made en> 
tirely of the metal from whence they deriie'l their 
^ipellation ; juit as we at the pre*eiit time apply the 
tern tin to atticlea the Bubstance of which is iron. 
Copper vessels thus coated were undoubtedly In use 
among the Romans, and the ecouomy and nlility of 
such a combinaiion of the two metals ultimately led to 
that most valuable discovery, the art of coating sheet 
iron with a brilliant and immoveable pellicle of tin. Of 
the process employed in tinning in ancient times, «e 
bave no ecconnl ; bnt the words of Pliny, ineo^utrt 
and incoetilia, aeem almost to denote that it was per- 
formed, as in tinning our iron wares, by immeniog the 
veuela in melted tin. ll appears also to have been 
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done, at «n early period, in a very perfect mauner ; I 
both because the tinned arlicles, 89 Pliny says, could I 
scarcely be distinguished from silver, and because the "i 
tinning, bb he addsj with an expreuton of wander, did 
not increase the weight of the Teaaels, The metal, | 
therefore, was apjihed 8o thin that it made no percep- 
tible addition to the weight ; this, it may be remarked, 
is Btill the case, when the process of tinning is skilfully 
executed, and it aSbrds one of the most striking proo& 
of the astonishing divisibility of mersl. Dr., afterwards 
Bishop, Watson, caused a vessel, the surface of whidi 
contained 254 square inchea, and which weighed twent]>- 
*ix ounces, to be tinned, and found that the weight woa 
increased only half an ounce ; consequently, half an 
ounce of tin was spread over S&4 inches, and yet eierf 
part was covered. 

But notwithstanding all the dexterity which must be 
allowed to the Romans, they appear, as Beckmann juatljr 
Temarks, to have employed tinning, at any rate for kib 
chen utensils and household furniture, very seldom. It 
is scarcely ever mentioned, and never where it might be 
expected ; that is to say, in works on cookery and do- 
mestic economy, where the authors give directions ior 
preparing and preserving salt provisions. When tbef 
Bpeak of the choice of vesselB, they, in general, merely 
say that new earthem ones should be employed. Dios- 
corides the physician tecbrnmends tinned vessels ; but 
it does not appear, though copper vessels were much in 
use among the Romans, that they employed any pre» 
cautions to prevent them from being injurious to the 
health. Pliny only says that a coaling of ftannum im- 
proved the taste of food, and guarded against verdigris, 
which must have been a disagreeable, if not a delete- 
rious, concomitant of the use of brazen vessels. It hac 
been remarked that, among the many copper vesaeU 
found at Herculaneum, though some are said to have 
been silvered, none of Ibem were tinned. 

From the practice of tinning vessels of copper, to the 
«Tt of performing a similar operation upon plates of 
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bga, the mnsition may U flnl appear to axnj pcnom 
H he '07 trifling iadeed. Such, haweier, ■■ bf no 
nrBia ibe fact ; for, witb rspecl 10 the Utter metal, 
IbeK BTote not on]; the addiiioni] diRiculij of iprMrf* 
ing oat the bar, by means of hammering, into laniiM 
■offiicientl; thin and smooth ; but the fonnidable tatfc of 
hri^tcoing the surface, in tome inalancea, hj iJie 
taborioDS process of Blinfi, u well as llie difficultjr of 
dwBfS securing an uaiforni adhesion of a film of tin 
DKT the entire surface of the sheet. I( hai alrcsdj 
been mentioned that British tin wai for a long time 
salt into Gennanj, from whence this country impurtnl 
plftted or tinned iron ; and to Uerman; or Bohemia 
■lust in all probahilitj be referred the invention of an 
nt now become of such great utility, and Id the prac- 
tice of which the EngliEh workmen hare long been 
■cfcnowledged to Eurpass thote of every oiher country. 
The art of tinning is said to have been CBrrie<l from 
Bohemia into Saxony, about the year )6Si), by a 
nlholic clergymen, who had embraced the Lutheran 
idi^n. 

It is remarkable that the Enghth, although they had 
■0 lon^ a monopoly of the tin tride, and moreover 
the richest mines in the world, should never- 
ve failed, as it appears, until a comparatively 
iCGcnt period, in their attempts at tin plating, llcck. 
mann states that, about the year Ui'O, a company sent 
to Saxony, at their expense, an ingenious man nameil 
Andrew Yarranton, in order to lesrn ihe process of tin- 
ning. Having acquired there the necessary knuwtedge 
be returned to England wiUi some German workmen, 
and manufactured tin plate which met with general 
approbation. Before the company, however, could carry 
on business on an extensive scale, a man of some dis- 
tinction having made himself acquainleii with Yarran- 
ton'a process, obtained a patent for this art ; and the 
first undertJikerB were obliged to give up their enter- 
prise, which had cost [hem a great deal of money ; and 
}et DO usa was made of the patent which had been ob- 
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tallied. Such is the account of the matter, ai 
in the authority quoted ; we maj, howeTcr, : 
doubt its absolute correctnees ; especially the uitil 
that ^e process carried on by the Engligh idvea 
I and bis Gennan colleagues was patented t 
Tidual who himself purloined it. 

More certain and remarkable is it that, abont.fl 
year 1720, which, on account of the many n 
and the deceptive trade carried on in consequen 
them, will ever be memorable in the history of F 
folly — among the many bubhles, as they were ( 
called, was the formation of an eniablishment for m 
tin plate : and this was one of the few speculatimi 
that period which were attended nith advantage. 
first manufactory of this kind was established i 
tnouthshire, at the village of Pontypool, where tin-g 
Tas afterwards so extensively and successfully pi^ 
Towards the latter end of the last century, ti 
works were erected in this country, almost v 
the manu&cture of iron was largely carried on ;d 
perfection of the method of laminating the meU'' 
■neana of rollers having more than any thing else 4 
trihuted to the success of these undertakings, 
French were still later in their acquisition of the ■ 
tinning iron ; in France, the first experiment to l| 
duce this branch of manufacture was made i 
Colbert, who procured German workmen, s 
were established at Cheseney, in Franche Corapt^, and ' 
others at Beaumont- la- Ferriere in the Nivemois. But 
the want of skill and proper support rendered this ex- 
pensive undertaking fruitless. Some manufactoriM) 
however, were afterwards brought to be productive, tha 
oldest of which was established at Mansvaux in Alsace, 
in the year 1733 : this was followed by another at 
Bain in Lorraine, which obtained its privilege from 
duke Francis 111. ; and this was confirmed by Stanitlaua,^ 
in 174,?. The French call tin plate by the expressive 
appellation offer^bhic, or while iron, which is exactljllf 
answerable to the /irrum canilidtim of t''" ~-— ■"-*- " 
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nd a htindred talents of which wm gfreii m » 
Knt to Alexander in Incii* ; it U oat mamuhlf, bffv- 
evet, to sappose that thU recpiDlilanci: Kon further Ifaan 
the coiiidileiice of terms. alihou)>h it in difficult to gvn* 
trhal ioTI of metal the white iron of India can hs>* 

PrevioUB to describing in detail the iDcthod of prc- 
fsring dn plute as practieeil in this eoaaitj, U m*j be 
mnarked that the diief pecultaritjr of the maautmOM** 
j^tft from ibe railing of the plates, cauiiMa ia taUng 
•dTRnlage of that chemical iffiniCf which nbuMa be- 
tween tin and iron. One of the slnmgeit proofs of iM* 
•Suit; it derived from the drcumstanor, tJui e< 
mm may be tinned in the same manner u 
iron. Of late j'ears cast-iron Baucfpana. and pots of ■ 
luge tats, arc permanentlj diined on their inner lar- 
Heta, to prevent whatever may be boiled in ihcin from 
kCjgDiring any stain by a partial solution of the iron. 
Other articles, such as bridle bits, cnminon tiir- 
lail naUi, &c, are now aioAe muc!) cbcaper 
iDTly, by first producing them in caM-iron, 
coreiing them with a thin coat of tin, by int- 
._ _ ^ tiiem in a hot mau of lliat fluid metsL 
*the fallowing ingenious method of tinning nails, 
tKlti, uid other sni^ wares, is given by Mr. Gill, in 
the Technical Repository: — first, clesn die sorface of 
die anictes to be tinned from rust or other oxide, by 
^ekliog them in sulphuric or muriatic acid, diluted 
vidi water as luiiil: iben, washing Aem well after* 
wuds in water, put them into a ilone ware gallon battle, 
togetber with a proportionale quantity of bar or grain 
tin, and of sal-am men iac : neit [dace this vessel, lying 
opon its side, over a charcoal fire, made upon a for^ 
hearth, and keep turning it round, and frequently 
■("lilting it. to distribute the tin uniformly over the sur- 
Elces of the anjcles to be tinned: laUly, throw the 
midM into water, to wash away all remsioa of the 
■I-Mnmoniac, and finally dry them in saw-dntl made 
nnn. The great mcrii of this procets coniists ii 
rot. in. D 



I 




1 



prnploymeitt of the stone ware vessel, nhich 
prevents the rliesipBtion of the ammonia, in fiunes, HQ 
the whole of the tin acts upon the articles to be tiiu)e(I| 
which would not be the case were a metallic veasel 01 

The most accurate account that has appeared of tM 
several processes which are usually pursueil in the nun^ 
facture of tin plate, was communicated by Mr. Fail) 
the chemist, in the Memoirs of the Literary and Ffl 
loaopbieal Society of Manchester. That article, q 
information derived from a |iersonal inspection of llil 
plating eBtabliahment of consiiiertble extent, will be i 
EOUrces from whence the following detaila are diali 
The first thing to be attenJed to, is the preparation 
the latten or leaves to be tinned ; for this purpose i 
rich Welsh iron, or at least En^ish iron of the fla 
quality, and known in the trade as tin-iron, being H 
as is generally prepared with charcoal instead of eA 
mast be selected for this operation. This mateiid 
received eilher in long flat bars, or in rough 
blooms ; these latter pieces being about thirty inchct 
length, six inches wide, and weighing eighty 
after being made red-hot, these are passed 
between roliera, until reduced to about three 
of an inch in thickness. ^Fhen cooled, the pieces' 
applied to a pair of massy shears, worked by machiw 
and cut into lengths ten inches by six : these, by be 
passed many times through the flie, and between 
rollers, are reduced to as thin s state as the process ' 
conveniently admit : the sheet of metal is (hen doul ' 
■nd again rolled out until it will extend no mo 
it is doubled again, and the operation of rolling 
upon the quadrupled slieee. It is then carrie 
cutting room, where a man, with the assistance 
sliears, pares off the jagged edges, and reduces the 
to a certain size, afler which, llaving cut the pu 
across, he tips asunder the lamina: 
sheets. As the workmen shears the plates, he 
them in heaps, occasionally putting one plate cross-way*, 



t the qiiADtitjr ttchnicaJIjr called ■ boXi atul 

or S2o iiUt*«. 
■tcs are now taken from tbe ihear-hnuM: by a 

c*ll«<l lUe icaler, who, prepatalor^ to their 
amed, htnde them dng1;r acroM the tuidtlls 
lape of a gutter-tile, thus, q. The cleattiting, 
lleil, is cotniupiiced by i[ee|iing the plates for 

of foDT or €*e minutea in a leulco trough, 
; a iDixture of muriatic acid and irauv. in the 
t of four pounds of acid to thrve gallone of 
lia quantily of the diluted acid m\\ gi^ncrHliy 
mt for 1800 plateE, or eight boxes. M'hen 

I have been sieeped for the lime iire»cribed, 
■ken out of the liquor, »nd placed u]Kin tha 
: ill a row, and then, by means of an iron rod 
r lliem, they are conveyed to a rcterberawry 
r brick oven healed red-hot, where lliey re- 

II the heal causei a thick scale to fall off, the 
if which was the ol^ject in Hubmittiiig them to 
temperature- In this oven they are placed io 
le in each row ; and it is here, aa well as in 
niB process of pickling, that the convenience of 
e plst«9 bent will be apparent ; for it ia obvious 
hey lay flal on the bottom of the oven, the 
let) detaches the scale could play only on one 
he metal, whereas, by being bent, as already 
, the flame can operate eqtlally on botli eitlfs. 
le plates are taken from the oven, they are 
. a floor to cool ; after which they are stratght- 
. beaten smooth on a cast-iron block. The 

knows by the appearance of ibe plates during 
■tion, whether they have been well scaled ; 
y have, that is, if the ruat or oxide which wai 
U> tile iron has been properly removed, they 
•T mottled with bine and white, something like 
paper. 

it impossible the plates can go through tlie 
IS withouibeingin some raeasit re warped, 
^gureil, ihey are nan again passed singly 
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between a pair of hard polished rollers, about ei 
inches long, and thirty inches in diameter. 
lers are need without heat, but they are BcrewedJ 
close one upon the other, so that the utmosi 
may be given to the plates. This operatior 
epM rolling; and not only gives a high degree < 
nesB to the plaleB, but likewise communicaleB that 4 
miliar elasticity which belongs to them. 

When the plates have undergone the lasl-n 
process, they are put one by one into troughs, i 
with a liquid preparation called the Ipes. Thtt] 
merely water in which bran has been steeped for Hi 
or ten days, until it has acquired, by acetous fermeH 
lion, a sufficient acidity fur the purpose. The <1 
<^ putting the plates into the troughs sijigly is, t 
there may be more certainty of the liquor getting b« 
them, and both sides of the plates being acted upon ti 
the lye. In this liquor they remain for ten or twdlB 
hours, standing on the edges; but (hey are turned df 
inverted oncu during that time. 

The next operation is called picklbig, nni 
■ubmitting the plates to the effect of a mi: 
phuric acid and water, in proportions varied a 
to the judgment of the worltman. 
which this operation is conducted is composed ofl| 
lead, and the interior of which is divided by parf 
of the same metal. Bach of these divisions 1 
workmen called a hole, and each of them will e 
abont one box of platits. In the diluted sulphur 
contained in the different compartments of this » 
the plates are agitated for about an hour, or until] 
have become perfectly bright, and entirely free frdi 
black spots which are always upon (hem when ll 
first immeraed in it. Some nicety, however, is h _ 
in this operation, for if the plates remain too long H 
acid, they will become stained by it, or blistered, i 
trorkmen term it ; but practice enables a careful □ 
to juiige of the time when they ought to be n 
I.t may be remarked that both ^is and the ~ 



irilh the acidulated water, are haslenei) by givinf; 
I meDStruuni aD increaie of temperature, bj lOfttia 
lUd flues runuing under each trough. 
!ien the plates come out of the pickie, the; are put 
are water, and scoured in it with harili anil wnd, to 
e any remaining oxide or rust of iron lliat may 
I attached to them ; for wherever there ii a par- 
f ruat, or even duit upon them, there (be tin will 
:; they are then put into fresh water, to be there 
red for the procesi of tinning. The design of 
g the plates into pgre water after ihty come out 
>t is termed the mmrt, is to prevent their becoming 
oxidated ; antl it is remarkable that, atier these 
torn, thej will acquire no rust, although they 
! be kept twelve months immersed in water. 
»ill be perceived that all theae processes are no- 
more than preparatory measorea for the operation 

ia to succeed, viz. that of tinning. 
' (his purpose, a strong cast-iron bath, capable of 
[ling SOO or 300 sheets of metal, and about five 
f molten tin, is fixed so as to be heated from a 
■ce underneath it, and by flues which go round the 

balh. This dn-pot is nearly filled with a mix- 
{ block a.ad |rrain-ttn, in about equal proportions, 

qottiitity of tallow or grease, sufficient, when 
I, to cover the fluid metal to the thickness of four 
, is put into it. The use of the grease is W pte- 
ihe tin from the action of die atmosphere, and, 
[uently, to prevent it from oxidizing. The work- 
ilio Bay that it increases the affinity of the iron 
t tin, or, as they express it, that it makes the iron 

take the tin better. It is curious that burnt 
, Of any kind of empyreumstlc fat, effects the 
Its better than pure fresh tallow. 
Jiher pot, which is placed beside the tin-pot, is 
with grease only ; and in this the prepared plates 
imeraed, one by one, before they are treated with 
i; and when tiie pot ia filled with them, they are 
■^ to lemain ia it so long as the superintendent 



thinks necessary. If tlicy rerasin in tlie grease an hma 
they are found to tin better than when a shorter tin 
is (dloweil them. 

From this pot they are removei), with the grease sd 
adhering to them, into the bath before tnentioned » 
containing the body of melted tin : and in this they M 
placed in a vertical position, from 300 to 300 or mM 
occupying the receptacle at once ; and, for the Bake < 
their being thoroughly tinned, they usuaUy remain in 
one hour and a half ; but occasionally more time ia « 
quired to complete this operation. The metal is kef 
as hot as it can be made without inflaming the greas 
on its surface. 

When the plates have lain a sufficient time immene 
in the melted tin, thuy are taken out by means of long< 
and placed upon an iron rack or grating, that the etl 
perfluouB metal may drain from them ; but, notwitb 
standing this precaution, there is always twice or tfarCI 
limes as much metal adhering to them as is neceasaryi 
and this ia talcen oW by a sabsequent process, called 
washing. As thia process is rather complicated, it wil 
be necessary to describe it with s 

In the first place the wash-man prepares i 
which he nearly fills with the best grwn tin 
state ; another pot of clean melted tallow, 
from salt ; a third pot with nothing with: 
grating to receive the pktea — and a fourth, called fl* 
liating'pal, with a little melted tin in it, about enon^ 
to cover the bottom to the depth of a quarter of an indl 
The whole will, however, be better understood by re 
fenring to the following delineation (fig. I.), in whidi^ 
several vessels are exhibited in the order in which A^ 
ttand in the manufactory, all sapported by EnhstanA 
brickwork, and at a height most convenient for fli 
operations of the workmen. 

The building in which the pots are fixed is cdled A 
etou! .- the plates are worked from the right hand to ll 
left of the stow, as will be evident by attending to A 
uses of the separate pots : — 
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^^^^B 3. tbe wash'pot, with the parting nithin it. 

^^^^P 3. the gresse-poL 

i^^^p 4. tbe pan, eonUinlag a gialing at ibe boKoni,. 

^^^K uid designed for the rewpdun of ihe plates h 

I^^^K the boy takes them out of the gresae-poc : it 

^^^^H has no Sre underneath JL 

^^^^H S. the list-pot. In the plan the asteriaka ahow 

^^^^1 Ihe places where the workmen staiiil, and alio 

^^^^V indicate those pots which have heated fluvi 

^^^^^ under them. 

The parting in the waah-pot number 2. h a recent 
improveniiint. The design of it ia to keep the tlrois of 
Out tin from lodging in that part of ihe viiHBel wlitTe ihe 
last dip i« given to the plalea. By uaing the common 
tin in the first process of tinning, much oxide or ilro>i 
adheres to the surface of the plaiea, and this runs off m 
the waali-poE, and comes to the face of thi^ new nieEalj 
hut this partition enables the operator to prevent it front 
spreading over the whole surface of the pot. Ware it 
not for this partition, die wash'inan must skim the oxida 
off the fluid Dietal every time he puts plates into it 

The pots, arranged according to the foregoing iketch, 

being ill a siaie of fitness, the wash-man commence* liia 

rt of what remains of the husiiiesa, by putting the 



I 
I 
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[ plates which have unJergone the Tarions operafl 

[. hitherto described into the veEsel contaiQing griiin4 
d called the wash-pot. It ebould be remarked, f 
lone bat graia-tin is ever put into thia vessel, for g 
■fliole of the common tin which is consamed i 
Manufacture is used in the fitst process, viz, that wl] 
Ei called tinning. The heat of the lar^e body of vr 
tin soon melts all the loose tin on the surface of V 

I plates, which so deteriorates thequslily of the whole n 
that it is usual, when sixty or seventy boxes have V 
washed in the grain-tin, to lake out the quantity d; 
block, say 300 cwt., and replenish the wash-pot with > 
fresh block of pure grain-tin. These vessels generally ( 
hold three blacks each, or about half a (on weight of I 
metal. That which is taken out of the wash-pot, when ' 
it is replenished with pure metal, is given to the tin- 
man to put into his pot. 

When the plates are taken out of the wash-pot, they 
are carefully brushed on each side with a brush of hemp 
of a peculiar kind, and made expressly for the purpose. 
This operation is thus performed : — the wash-man first 
takes a few plates out of the pot, and lays them together 
before him on the stow ; he then takes one plate up with 
a pair of tongs, which he holds in his left hand, and, 
with the brush in his right, sweeps one side of the 
plate ; he then turns it, and repeats the operation on 

^'die other side, and immediately dips it once more into 
e hot fluid metal in the wash-pot, and, without letting 
t of the tongs, instantly withdraws it again, and 

■ phinges it into the grease-pot (marked No. 3.). A 
person who has not seen the operation can form but a 
very inadequate idea of the adroitness with which thit 
is performed : practice, however, gives the workman so 
much expedition, that he is enabled to make good 
wages, although he obtains only tliree-pence for the 
brushing and metallic washing of 225 plates. An ex- 
pert wash-man, if he make the best of his time, will 

I Kash twenty-five hoses, consisting of 5625 plates, ht 
'iWelve houn; notwithstanding every plate i 





bwheil OQ both ades, and dipped twin into the pM at 
aaliett tin. 

M a reason why the pUt«« tre dipped tmce, il wf 
be recollected thai they irr bmihcd qaiie hot, asd brte* 
t^ tin ij set ; therefore, if thejr bad uM tfae hM di^ 
(be iDvks of (he bniEli woold be riiible. M«n»m, 
lie brush Ukes the greater pari of lh« tto «ff ifcii, v 
ibal if they wer? removed to the greu»-pM ■llliwl 
being rcdipped, the hot greue would uIk off «hM »• 
miined. 

The only use of the grease-pot ii 
perfluous metal that may be upon the p 
ii an operation that reqiiirei great attentioD, hemair, m 
llie plale is immersed in the greaae wfail«4be IM b bl 
■ melting, or, at least, in a toft itue npoa it, a part 
mnst run off, and the remainder become leM aad !«■• 
while the pkce continues in it; therefoie, if ever iho* 
plate* should be left in the melted tallow looger itu ii 
abwlalely necesiary, ihey will donbtlcH nqmn to be 
dipped a third time in the tin. On the otlM» hattd, if 
tbe platei were 10 be finished widionl paMii^ ifaiMigli 
the greue, they wonld retain too much of the tin, >l»di 
mxdd be a loss to the manufacturer ; and beddei, tlw 
whole of the tin would appear to be in wa*ei npoa tbe 

It il important that the temperature of the laelted 
uDow should be attended to, it bang teqniicd M be 
boOer at colder in proportion aa the plates are ddBBcr 
or thicker ; for if, when ttie taHow ia of a proper Mm< 
pKUoie for a thin plate, a thick one wia lo be pM iato 
i^ it ooold come out, not of tbe coloor of tia, aa it 
ong^ to be, but Bi yellow as gold. The rcaaoB of ilna 
it erident : tfae thick plate containa mon best than s 
ihin one, and, consequendy, require* the tallow to be at 
ft lower temperature. On the contrary, if a parcel of 
tUn plaua were to be worked in a pot of tallow which 
kid been prepared for duck ones, sueh a pot would Dot 
be hen OMiagh to efecl the intended purpoae. 

of tbe plates being immersed in the 
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melted Gn, and subsequently in the grease-pot, i 
tical poeitian, there is alviayg, when ihey hive b 
cold, B list or selvj^e of tin on the lower edge of t 
plate, which is removed in the following n' 
assistant, called the list-boy, lakes the plates when t1 
are cool enough to haniUe, and puts the lower edge d 
each one by one into the list-pot, which is the i 
before described as containing a very Bmsll quanlU 
melted tin, and marked No. 5. When the 11 J 
melted by this last dip, the boy takes out the plateJI 
^ves it a smart blow witli a thin stick, irhich £ 
gages (he superfluous melal; and this falling ol 
B faint stripe in the place where it was attached; ; 
this list-mark may be discovered on every t 
which is exposed for sale. 

The final operation is to cleanse the plates framfl 
greEBe ; for this purpose they are handed, while n 
to women, who instantly place ihera in bins of dry ^ 
with which, by means of hards, they are rubbed ^ 
they are quite clean, and present that silvery appeUI 
which is BO characteristic of the best English ti 
and which is allowed to surpass in beatity that n 
faetured in any other country. Tin plates 
boxes made either of strong wood, or, aa they hsTeJI 
quently been made of late years, of sheet i 

box contains a determinate number of plaii 

following table obligingly furnished by Messre. Bla _ 
trad Co, will show the sizes of tin plate which are made 
in Great Britain, and the marks by which each kind is 
known in commerce, with the current wholesale price 
per bos in London in November, 1852. Prices aie 
naturally uncertain and variable, and, owing to the 
advancing prices of iron and tin, even while these pages 
are passing the press, tin plates are rising in value. 
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At the Great Exhibition what wia called galvaniied 
.ned-iron was exhiUted. It is prepared in the rollow> 
; manner : — A quantity of chloride of tin is made by 
isolving granulated [in in muriatic acid ; this is largely 
uted with water, anil poured into a tank arranged in 
is waf : several email pieces of zinc are strewed over 
i bottom, and on this are placed some sheets of iron ; 
m more zinc is sprinkled on this, and another layer 
sheets of iron placed on these until the cistern is full, 
lectro-chemical action appears to be set up, and the 
in is shortly covered with a film of tin. After this 



n 



the sheets are zinced, by being passed through a shallow 
bath of melted zinc, and then through rollers. Steam 
power is employed in this process, by which any degree 
of speed can be obtained, and thus only such a coating 
iioc is allowed to fix itself on the iron as may be 
deemed necessary, and unifortnity seemed on anjr 
quantity. Sheets have been manufactured in this wa^ 
eleven feet by three feet ; and they are curved or corru- 
gated, or stamped into plates and tiles for roofing pur- 
poses. The patentees of this process have also sliown 
that this galvanised tinned-iron can be covered with a. 
coating of lead, and in this way be employed where 
zinc would be objectionable ; and the iron may be uned 
very much thinner than it would be prudent to employ 
lead. 



Appended is a list of a few of the sizes, tliickness, 
time (1852). 


asio-raris 


No. wire Wriehl PricM. 

- 18 2 3 23 

- SO 1 11 S4 



Corrupted galvanised tinned sheets for roofing and 
other purposes are extensively used. The widths of 
flat sheets required for corrugated, including side lap, are 
as follows ; — 



Three 5'inch corrugations rcquin 



3U 
37+ 



ucbes flat, 
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All the faeteninge employed in fixing galvaniied 
tinned-iioR must be In the Bame conditioD, or roluic 
uliaa is «e( up, and much desmiction eniuei ; oon- 
fequentl;r, galvanised tinned-acre we, and riveU, and 
"libers are employed. On account of the much lets 
onl of iron than copper-wire, galvanised dnned-iron- 
»TO 39 now employed for the electric lelegraph. The 
VDC on the surface in oxidising forme a coaling, which 
^pein M be impervious to ordinary atmospheric in- 
fluences. 

The art of tin plate working, or the forming of the 
mtleriat into tl)st inimenBe variety of economical uten- 
sils, so common in every dwelling-house in the kingdom, 
ifepends much more on the manual di^xicrity of the 
Mirbman than upon any peculiarity in the loola which 
He requires. The latter are few and simple, including 
lieDcb and hand shears, malleti and hammers, iieel 
neads and wooden blocks, sotdering iron and swagea. 

In the formation of a Tesael, the plate is firet cut to 
(beproper size or pattern with shears: and when the 
irticle designed requires more ifaan a single sheet, others 
irejmned, either by simply overlaying the edges and 
fidilcring them down, or by folding them together and 
then perfecting their adhesion by means of a running 
application of the soldering iron : a similar course is 
adopted when gores or other pieces are to be inserted. 
ir other vessel of capacity, or cylindrical ariicle 
pf any sort, is rounded on a block or maundrel with a 
mdlet, and the seams finished as already described ; 
after which It lias to be wired at the mouth or any 
«uter edge which it may present. For this purpose, a 
Jiiece of iron wire, generally about the size of a knitting 
needle, but tbicker for utensils that are very large, or 
designed to bear considerable stress, is bent into the re- 
^uiute shape, and, on being applied Co what might be 
^ed the raw edge of the metal, 3 portion just suf- 
ficient to cover the wire is dexterously folded over it by 
means of the hammer. The insertion of this wire not 
only adds greatly to the beauty of the workmanship. 
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but it pieservei the shape of the article, andcontriH 
amazingly to its strength and duiabilit; ; i ' 
fore, the uniyersal border of tin wares, eve 
the cheapest quality. It may be observed that tin B 
is tiie only metal that is soldered by laying the 
one over the other ; tubes of silver, copper, brasa, I 
even lead, being usually joined by bringing the < 
exactly Into contact, and an alloy afteiwarda n 
along the seam. 

The instrument used by the tinman for uniting p 
of plate by means of heat is called a soldering iro 
ia, in mast cases, nearly of the following shape (Jfp.fl 
and about ax teen inches in length. 



Fig. 3. 



^^^^ ' 



A is the tongue of copper, sloped away at 
order that it may be the more easily applied ii 
angular seams. B an iron shank, into the 
which the wedge of copper is riveted. C ii 
haft, by means of which the instrument is i 
hand when heated nearly to red-hot. Copper i> S 
ferred on account of its great affinity for tin ; 
in uniting pieces of plate, the solder instead of spi« 
away from the heated piece, and falling down o) 
spattering the work, as it would if the heater v 
iron, adheres to it, and, consequently, may be < 
along the seam, oc picked up in small portions with9 
prising ease. The en<l of the copper bit is, therera 
kept constantly tinned : but as this cannot be well dohlT 
by merely dipping it in the solder, nor unless the met^ 
be clean, the following met bod is adopted ; — the soldeF, 
which is composed of two parts tin ind three pan* 
lead, run into slips, on being applied lo ;he heated cop-r 
per, which is rubbed in a hctlow stone containing a 
quantity of rosin and solder, the tongue of the instru- 
ment is presently tinned, and ready to be used for 



Hlilering. Tlie ma, u it became* cool, ii waeBuantiy 
a-beUeA in tbe fire, aod again nbkd is the mln «d 
•older upon ibe stone u aboTc itued : the tftmUia^ «f 
tUllIe powilered wl ■Diicotiiac span the poiM of the 
intlmiiieiit facilitates the tinnili^ 

Besides tbe endless laiietj of dm*f warn* mi^tta^ 
tmnl immediately from tbe plate ai above famhai, 
iheie Ib a superior kind of WM^Biaaihip aitirwj tm ihc 
Anma^on of what are oIM Utek-tim gaito. TW 
material in both cases ii amuUj tke nme, bat in da 
kttn' mode of working it ia boteB v pfanakd ■■ • 
tteul stake with a poliafaed (led lUMmer, ta the M^ 
ner of silver plate ; lo that the anrfaer, tMlrad af a^ 
pearing somewhat warj, u it doe* to tbe beat BophMiAcd 
mm, i9 peifectlj smooth and ahrwj, p wli c «l «r l | alWv 
bdag paUsbed with dry wbttiag. Tbia pLwSarily. 
vitb the aitditional care benowed in faJwWMipg aftidta 
fajr [his method, not oolj rr^oa Ami aMm 4ai(sU» 
lo ihose persons who wiifa for hf wfj ajndg wiA adB^i 
lot csiues ihem to seU at £v bigbcr ptieea ihaa A> 
CommoD tin plate articlea of exaolj tW nae &na «ii 
nbuance. It is ia Uock-do wottiag ibat anaMoal 
nn^ng is commonly applied. Tbtspaoc^cBMiMa v 
llaciag the metal intended M be pofed «r nd^d b^ 
iwcen two steel dies or bnaata, tbe ffv h™C * (tK** 
ftottt leier, made to play up tmi dwau agaaat ita co^^ 
letpacl below. 

A (_fis- 3) repnaentt a (tiib ctnn pbod mder tbe 
■Bttal swages B, for tbe piupu ae «t ha*i^ ibe — ™tJi»g 
«■ ik edge raised lo tbe pn^" ^'P^ '* Anomn. L m 
Ae (wage hantina, tbe Meel bee c# wbidi is M ar 
Jftdin panlk] pvorea, acmaAag l» die poKtio**'^ 
■kD iuietided lo be prodoced. At D than h a ;**• 
jaoiaa of tbe metal extending Hnder the anidc w be 
anged, and the face «f wUcfc is foiBicd in camcx 
Hdh, exactly acesnliBg wiA tbe gnwres ia tbe (aee of 
Am *"""»*■• C. E is a gside^ wbicb, by mnai cf n 
KKW, admits of bejag noted w m (o legaiate tbe depth 
« width cf ibe iwmlifiB^ It was beMcrly the praetiee 




to solder these mouldmgg upon large articIeB, suet 
Uieh covers, until, some years since, Mr. King, a tini 
in Holborn, introduced die practice of EWftging tb' 
As, however, the mouldings upon his articles were i 
bold and handsome, he effected that appearance by 
following process: — having first formed the cover 
hollowing, planishing, and fitting together its part) 
the usual manner, and soldered them in their p 
hemispherical form, he places the sides of the art 
upon a concave bed of lead, having a hollow line ■] 
in it, and, by the application of a houge hammer in> 
the rim is neatly raised to the extent required ; a 
which it is placed under the swages, by means of wl 
the parallel courses are produced, and the whole moi 
ing rendered smooth, uniform, and perfect. The Hwt 
are used either by striking upou the head with a mal 
or by merely working the swage-hammer itself, the 
licle operated upon being advanced a little after e» 
stroke. Bright block-tin dish covers, of graduated si 
are now to be seen in almost every re^^pectable houai 
the kingdom, from (he kitclien of the humblest (rat 
man to that of the peer himself: Co the former pai 



I other materia], cqnaD)! 
nd the latter doe« not ilws^ 
nhitinite for this fine, cle«n, ■• 
mete expensive &brio of atttr, or i 

An enilleBS variety of irtklea, h ■ 
mnital, are formed b; tmhaaaof 
fdlher b; mean! of At 
tnonly ihe latter. A _ _ 
plitn of a cheap dcMriptios ue i 

nin^atn by tfati metbod : iheM;, ■ 

le BOtnetimes lanjoered, pMiteJ, < 

cimimttances. Am r irmJ a gt y tasMiM Nyk (f 
flnuneniing die brttn Mirt «f tta i ~ 

rrjGlalliEation od tbr Mr&ce haa ta^ ■■^MilI scaM 
Ae Itit few jean. 

CrjEtalliaed tin f^ate, wirtwn aJh I Jf^r« Mb 
JoJIifiis, is {irodneed bj placing Kfce«d ito ffe«Ht 
^ll; heated, onr ■ 1Mb •£ >Mtr, aari fiM«i( ta 
mitkBc with ■ ^M^ 4>ff**l i* * ifMar <MayaMa4 «f 
fav ptrta of ai^ mh t lk aad tv* «f dbdM *^W, 
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^l« tfii b« pw- 
Ml^ tMM bf VriiUMg nkr vpM if. Ar eiTsaA. 
' I win be Cndy uika^J wiA hi^ md «■« 
EiL BoMlti «f • NM^ hi»d w9 be fn«M4 
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ineteiul of nhiting, is applied, the coadng of tin ii a 
rubbed through, the iron appeara, and the utendl 
though not weakenecl, acquires ruai, and perisb 
continued exposure W moisture. While perfectly a 
hovever, no material ia a more efficient securitf ^ 
the access of oxidizing infiueni^a, even of aea- 
ilself. Polished steel cutlerj-, when aent out to ( 
East Indies, is invariably soldered up in ( 
plate to protect il from the moist atmosphen 
The comparative lightness of this ware, 
mon use, may be judged of from the fact, that an ^ 
dinary wooden bucket, holding four gallons, 
eleven pounds ; while a tin can of similar a 
weighs only about six pounds. Next to the e 
lightnesa of vessels of tin, as compared with thtwefl 
wood, and which renders tile former so deairable fol jT 
carrying of water, milk, and other liquids, may be n 
Ijoned their sweetness and freedom from deleti 
qualities, particiilarly so long aa the coating of tin'.^ 
mains perfect. An oppoeile opinion waa at o 
promulgated ; for not only were untinned vess 
sidered to be delrimentat to health, hut likewise i 
in which any portion of lead waa mixed with the ^ 
this notion, however, has been shown to be erroiM 
even if the two metals be used in equal quanlitiea. 
An ingenious method of pressing cylinders ei 
tin, for holding artists' coioura, has been recently ti 
duced. A piece of pure tin is placed in a cylindf 
hole in a mass of hard steel of the size of tile intended! 
cylinder; into this fits a sieel plug, which, upon b 
driven down by a powerful screw press, forces ap | 
the tin on either side of it, thus forming a cylindriod^ 
vessel, which requires only the adaptation a~ 
the same, or any other metal, to render it a 
botile. 
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Lead ii one of the softest, moBt ponderou*, moil wi4d; 
diffiised, anil, generallj speaking, beil known of the 
perfect metals ; lo the latter dulinction the large pUoe 
wlucfa it occupies in the materia of the tucful arts ia 
aatnlj conduciire. For the purpose* to wbicb iron it 
generally appropriated, lead would be utterly inappti- 
nble : while to maoy of the tise* for which the precious 
metals are consumed lead mlfi^t be applied, and, in 
bet, h lias, with or without ila Tariona allofi, been 
hrgfUf » ippKed in former tiroes, and oontittnei to be 
In reqoest for such purposes at the present daj. Lead, 
newly melted, is very bright, a good deal re- 
ing tin, but lem silvery : on cooling. hDweter, it 
■oon becomes tarnished, and on exposure to the air 
les that dull bluish hue, so well known under the 
aination of lead colour. The temperature at which 
ktd melts is much higher than that which it required 
for the fusion of tin ; the latter meiat liquefying 
U 442° of Fahrenheit's thermometer, the former re- 
qidiiug 6I3°. Lead is the most malleable of all the 
netab ; it may be cpread out by hsmm«ring with the 
greilest e.tse, and die sUgbiett stroke is suffideut I 
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iiidenc a aolid lump : il is remarkable that, under 9 

hammer, it neither becomes hard 

gmvity increaGed, ae is the case with other metala n 

which beating produces the effect of campresiion. 

though its ductility is not great, it may n 

drawn into wire, in which state its tenacity is consiclen 

it is, under any circumstances, elastic only ii 

trifling degree, and, of course, equally ii 

That lead was well known, and i 
very early times, we have abundant testimony of Tarin 
kinds : it is mentioned early and repeatedly in 
version of ihe Bible ; nor can there exiat much d 
that tlie terms which our translators have rendered ij 
lead do really apply to this metal. Two qaestit 
however, have arisen on this subject ; in the first {dt 
whether we should not, in the pnasages where tin I 
mentioned in our Scriptures, underatand lead of b 
kind, and not the metal to which the modeniH give & 
name of tin, and which it baa been supposed c 
hardly have been known to the old Hebrews a 
contemporaries ; and, in the second place, whether H 
desceniianta of Abraham, and other nalionBof antiqi^_^ 
were not acquainted with a peculiar sort of lead, 4 
which they gave a specific epithet, and the meaniof^ 
which has been confounded with appellations applied a 
later times to the metsl which we call tin. The wW' 
which Hebrew lexicographers define to be ti 
original. Mil; and this term the Greek translators of fliel 
sHCred books undoubtedly rendered caesilerost and, there- '] 
fore, they seem to have considered the two melala a 
identical, whatever they might have been ; and, as moW ^ 
modem writers translated caasileroa by ilannum, thoB 
words have found their way into the Latin, Gertaaq, 
and other versions of the Hebrew Scriptures ; eo lh*t 
very Utile rehance should be placed upon the mere oc- 
currence of a word, only so far as it certainly does, in 
the original, indicate some metal different from gold, 
silver, topper, and even ordinary lead. 

In the opinion of Beckmann, to whose ingeniow 
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It. BABLV Kon^ES- 

on (he early knawUdce anduw ol 
a wade before, the ifannum of the andenla wm 
IT metal, ■( aaj nte not oar tin, bat ralher a 
€ two other met&li, which, like oar brKsa, wh 
B articles alid emplojed for different 
n which account a great trule waa cun^d on 
Thia St leait may, with apparent certaiutr, 
( inferred from a welJ-known pasmge in Pliny: — 
'Fttimln uigri origo duplex; ini enini ma prcvenit 
nee quidquam aliucl ei k pant ; aui cum argcoto 
ir, mixtisiiue Tenia conflatur. Ejus qui primua 
D fornacibiu liquor Etannum appellalur ; qui »e- 
i, argentnra ; qnod reiiuiiail iti foniacilnia, galena. 
It tertia portio addits venie. flcc nirsui conflsta, 
It nigrum plumbom, deductis partibiu duabui." Here, 
1, whatever literal difficultiei betet tlie pauagc, we 
e the fact, that the same fumace yielded from the 
« ore atannuni, argentum, galena, and nignim plum- 
1. To comprehend thia, it is nece«ary lo know that 
Ib ores rarely, if ever, contain silver ; while there ore 
w lead ores but what are impregnated with it, and 
tn<f of them so largely, that they might with more 
itpiKty be called ralver ores, or rather a^entifetoud 
Esd, or plumbiferoua silver orei. 
It may, aa Beckmann observeB, appear ungular that 
t ascienls should have had nigrum plumbam, un- 
loubtetlly our lead, in auch abundance that Pliny wai 
■* to make of it a particular diviKion. But, in ancient 
I, people paid littte attention to a Em^l admixture 
f silver; they were accuBtomed to separate the precious 
' 'd general, only when it was capable, by the old) 
npetfect process of smelting, to defray the enpences i 
'hich would certainly not be the case, when a quintal 
" ore contained only a few ounces, or even a pound of 
er. Strabo says thia expressly of Bome Spanish ores. 
oeh poor ores were then ixseA merely for lead ; aud 
ice it has been supposed that our expert refiners 
^t separate si]rer wUb considerable advantage from 
lead of the ancwata. Hence ha» a lap ariii«D the 
e3 
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Opinion entertdned by some, tbat lead, and a! 
with which some very old buildings have b 
had, in the course of lime, become nrRcnti few 
as this nation may be, it might no doubt be poM 
separate from them the noble metal, which the q 
cither could not do, oi did not think it worth tl 
to attempt. 

Besides, therefore, nhat was considered 1 
saleable lead, which flowed immediately from t] 
its first fusion, the ancients obtained, as we i" 
deal of lead from argentiferous ores, from n 
Kparated the silver and revived the lead. The oi 

pounded very fine, or, as we say, stamped ; it wai. 

washed and roasted, and formed into a paste ; this ni^ 
tiien put into the furnace, and, by the first fusion, gate 
a regulus consisting of silver and lead, which wag caSek, 
Eiannum, and was a substance similar to tbat knonn t» 
the German metallurgiata by the name of Ktrk. Tlnj 
produce obtained by the second fuaon was the argeatia^ 
silver, called in German treiber ; and besides thatdw 
half-vitrified lead called galena by Pliny, and iln| 
molpbdana; which substance, being once more fused, K 
revived, again yielded lead. In contending that atb 
tin was not originally meant by the first use of the tentf 
undoubtedly applied t« it iu latter times, Beclunanv 
adds : — " In my opinion the oldest canaiteron (of diC 
Greeks) was nothing else than the etannum of th^ 
Romans, the werk of our smelting houses ; that 1^ ■ 
mixture of lead, silver, and some other accidental met^' 
That this has not been expressly remarked by aisf, 
Greek writer is, to me, not at idl surprising. Ws 
should not have known what itannum was, had not iha. 
ouly passage of Pliny which informs ns been preserved.* 

\V1iatever the metal at firgt called bedil by the' 
Hebrews, cimileron by the Greeks, and stanimm by tbfi 
Romans, may have been, whether our tin, or lead alloyed 
with silver and other metals, it is certain that lead, 
properly so called, was well known to the people of 
antiquity, and by them no doubt used for many of the 
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more familiar purposes to which it is devoted in modem 
tunes. Ores of kad, as already stated, occur in most 
puts of the world, and mostly in abundance: they 
i^ generally met with in veins, sometimes in siliceous 
neks, and sometimes in calcareous strata. Their spe- 
cific characteristics are considerably diversified, whether 
occurring as sulphurets, oxides, or salts ; the first spe- 
cies, however, is the most Common, including the 
varieties of galena, as well crystallised as in masses. 
. Of the lead districts in this country the most noted 
ne the following. The quantities of lead produced in 
eadi district in the year 1851, are obtained from the re- 
toms made to the Government Mining Record Office : — 

EvGLANo: Torn. Cwt. Tons. Cwt. 

Cornwall .... 6,713 8 

BeroDsbire .... 1,628 16 

Cumberland ... - 6,333 2 

Dur^*^^*°^ I - - ^^'^^^ ^^ 

Westmoreland - - - 395 14 

Derbyshire - - - - 5,100 O 

Shropshire - - - - 3,165 8 

Yorkshire .... 6,210 14 



Wales: 
Cardigan 
Carmarthenshire 
Flintshire 
Montgomeryshire 
Merionethshire 

Ieeland : 
Down - 
Galway 
Limerick 
Wicklow 



Scotland : 
Argyleshire - 
Kirkcudbrightshire 
Lanarkshire - 
Dumfrieshire - 

1,839 4 

Isle of Man 1»402 10 

E 4 



5,854 


14 


596 





6,773 


15 


1,556 


8 


68 


8 


894 


13 


42 





279 


4 


613 


10 


225 





894 


4 


320 





500 






45,035 15 



14,849 3 



1,829 



58 IE AD, 

we extract Bome paragraphs from the proapectuses |^ 
forth at the tirae, which are preserved in " ~ " ' 
MaEcuiD. 

" The Mioe Adventure, or an expediti 
for compdEing all differences between the partD 
the mines late of Sir Carberry Pryse. SecondlyJ 
establishing a new method for the managemeDt^ 
thereby (instead of an arbitrary power ov 
and stock of all the partners in one petBon) Gcttlinl 
equal and fair constitution for every person coneen 
Thirdly, for granting several diarities out of the |l 
to the poor of every county in England and WM 
without prejudice to the partners. Fourthly, fur^ 
Wing the partners to employ a much greater stock thffl 
and consequendy (in the same proportion) to adva 
the gain and profits thereof. Fifthly, for disch 
all debts, duties, and demands chargeable upon thefl 
mines, originally occasioned by several expensive f 
HUits between the said Sir Carberry Pcyse 
patentees of royal mines. And, sixthly, for r 
large stock of 20,000i, (clear of all mannei " 
hraticcs), for the norking and carrying ( 
mineral works to the great advantage of the kingjl 
kingdom. Proposed by Sir Humphrey Macki 
Perused and settled by eminent and learned com 
the law ; and finally established in two indenture* d 
and executed by the present partners, and which I 
be enrolled in the High Court of Chancery.'' 

Such were the high pretensions of those int 
m the scheme of the Mine Adventure. Mr. W w 
writing at the same period in the form of a circuli^q 
the people of England, gives the moat exaggerated 
account of the Cardiganshire mines: — "This advai- 
ture," says he, "is recommended to the world as an 
undertaking, whereby not only his majesty's customE 
and the trade and wealth of England will be advanced 
by the lead and copper, being commodities and manu- 
factures of our own country, and thereby the export- 
aciort of OUT coin and buLUon, obtained with so great 
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difficulties froin the Spttiiuh Indies, ii 
ptoenied.'' 

After gitiuf; a KCtion of the vudb oa the e 
Sit Carberry Pry«e lie adds, " And time you t 
Ibere are eight lai^ veins of eilver, lead, aod copper 
01^ lying uear together in one moantain, where o 
knl lerves lo drain the water from all or most of the 
uid veins, and which, it is presumed, cannot be paralleled 
in any part of the Chri»liui norld." And again, hating 
Bet forth the advantages of the situation of ^iheie mines 
it is staled, '^ From all which it plainly appears (by 
calculation) that, with a stock of SO.OUOA and good 
man^ment, the said mine* vould yield an yearly 
profit (ovei and above aU charges) of 171.9701. 19i. Qd. 
fiir lead, besides the silver, which, it is believed, wiQ yield, 
one with another, about 1 4 lbs. in silver per ton of roetal, 
■nd may, in all probability, double this valuation of the 
mines. 'Tis pUio that ihia nation can never want 
Kher, if these veins are carried on with a large stock, 
and will yield such large quantities of ore, at so small 
m expense, as is herein mentioned. This valuation 
may eeem incredible to many persons not skilled iji (he 
■n of mining, nor acquninted with the vast advantages 
that may be made irom mineral works, especially so 
large and so well situated near the sea as these are. 
But if demonstration will not convince, 'tis in vain to 
use any other arguments," 

The celebrated and picturesque district, so well known 
10 tourists as the High Peak, and designated in the 
Teeords of the duchy of Lancaster, " the King's Field," 
comprises, under its peculiar mineral laws, the greater 
part of the extendve mountain limestone tract of Ueiby- 
shire, and is peculiarly rich in lead. According to these 
laws, which bear characteristic traces of having origi- 
nated at a very early period, every man was at liberty 
to enter at any time into any part of the Kin^n Field, 
Bpd there dig and search for ore, without being account- 
Q the owners or occupiers of the soil for a 
e which might be done lo the surface, OT e' 



to the growing crops. At preEent, however, aIth(M 

indent custom remains in forcy, a course m 
accordance with the principles of (Mmmon I 
Dgually held in practice, anil in formal decisioni j,1 
that the agriculturist is much less frequently a 
by adventurers in thU way than used to be the 
All questions or disputes arising between parties troi 
the King's Field are settled in a rainersl court, « 
posed of a jury of twenty-four miners, and a 
officer, called the bar-masler, appointed by 

r reign, as Duke af Lancaster, or by the lessee of 1 
royalty, who is, at present, the Duke of Dcvonshin^fl 

A person having found a vein of ore, he made o 
woBsea on the ground, as a mark of temporary | 
lession, and then went and informed the bar-maa 
who attended, and received a measure, or dish, of 4 
the 6rst produce of the mine, as tile condition of f 
mitting him to work his mere, or measure 

I nine yards in length, of the vein, the har-n 

se time Caking possession of tlie next adjoining foiu- 
n and a half yards, or half mere, of the vein for the 

I king. And if the vein seemed promising, it often 
happened that, at the same time, or soon after, there 
' various applications by other persons to be admitted, 

I each to free bis mere, of twenty-nine yards in length, 
of the rake-vein in succession. These persons some- 
times worked the mere in partnership, and were called 
groove-fellows ; and the condition of their occupancy 
was, that they should immediately begin and continue 
to work at their mine ; or, in case of intermission for 

, three successive weeks, the bar-master was authorised 
o dispossess them, and give the mine to another. 

As these first mines were all in the districts where 
die limestone was only covered with a layer of soil, each 
miner went immediately to work, and having cleareil 
the surface, they with picks, hammers, and steel wedfjea 
loosened the ore and spar, and threw out the stu£F with 
shovels from as {!;reat a depth as practicable. They 

I dien placed over the eitcavatou a suttaru 5.ianvB, wsm- 
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eA oT four nairow pltnki of wood Uli »rn 
pinned togethet »t ihe comen ; dd ihar tw-j 
p«n irere erected, with boles or no«dia U> rro 
spindlea of s Tope-barrel for ■rindiiig «p die Ofr 
~ B : this Bppaistiu, caned i ttvmm, faring enclM •■ 
h mine, the sinking »u fmker taBiJBwd, lad Ae 
heaps on the ddra of these eptm iKvtv i>fii.itJ, vm3 
■ perpendicular ditch of thewiclrii of tk cc^. andnMiiy 
jirds deep, was opened, with pntpmt i aiuiij br^ie ttttfm 
of rubbish on each ride, in tDine uuUAees for trtttti 
hondred yards in length, with other mmiln TeJna mi4 
heaps parallel to and crotrinf then U cotthi niilri 
In process of time, this rude windbs *■« laetrrfrf hf 
the borscgin, and variou* itnproremeitt* in dniring tv 
the witter, as nell as in woriung the mian gaigrtBy, 
vere introduced. 

The mining laws which hid, preiionslj to the iio- 
proTements, required a working »tow»e, utd ita actail 
uae, at least once in three weeks, in drawii^ ore mi e»di 
mere, now became relaxed, so liv as to aDov moddi of 
Moines, or Etnall tham drawing apparatni nurfe af thin 
lilhs of wood, which the b*r-ina*teT ptoridcil, to be 
nsed as the means of keeping poaaeiaion of all the roerct 
but one, on a consoIidBted mine : a mMom wUcji prF- 
Ttils at the present daj, and Is so rigidly enforced, ihtl 
a mine, on nhicb large stcam'cngines and powerfnl 
hone-ginE, and other eitensive apparatoi, ma* hare 
long been used, is not held to he legally occupied. nnlcM 
one of these pigmy memotials of the primitive mode of 
dtawing ore is constantly kept"iD the right of all men,'' 
■s the law expresse* it, on or within a certain distance 
of the drawing shaft (where a atowae worked by men ia 
not lued ), and others on each of the meres of ground 
or lengths of twenty-nine yards, of which the mine 
connstc. 

Mr. Farey, from whose elaborate snney of the mi- 
neral district of Derbyshire many of these particulars 
are deii«ed, farther obrerves : — " Tbe laws ot the 
Rin^i Fielil punish bj Hues ail such persons &£ am 
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detected in removing or destroying the bar-masleA i 
BtowBes, though placed across the middle of a cultivated 
field, a common, or on the fence-wall next a publio 
road ; but the noble horse, or the sturdy ax, disregarding ; 
Buch puny representatives of property and authority,, 
continually tread them Co pieces; while travellers and 
strangers, the servants of gentlemen who are IrBTel" 
in particular, as commonly bear them otT from the lo 
as curious memorials of the folly and superstition of the 
inhabitants. The bar-masler furnishes such models, 
which, to be effective, must have no nails used in theil ' 
Btnicture, hut he pinned together with wood, according 
to the state of actual stowaes, when these were firat 
introduced as their representatives ; for each of nbich. 
he charges a small sum, and the miners are obliged 10 
he very particular, at short intervals, lo replace sU anch 
of their possession stowses as are broken or gone, 
a known unoccupied vein crosses the choicest paddock 
which a farmer has, or even his garden, or the park rf 
B gentleman within the King's Field, he must take it 
the bar-master, by the payment of a dish of ore, and 
erect these sham stowses, and even a real one, and make , 
periodical attempts, however slight or colourable th^ I 
may be, to work the vein ; or 'any other person, bj , 
application to the bar-master, may dispossess him of , 
such vein, and enter on his lands, and without mercy 
dig, delve, and make poisonous huddle ponds, ways, ' 
and roads therein." The transcriher of the foregoing 
passage recollects with what surprise, when, on Srat 
visiting MatloLk as a youth, he noticed and learned the 
use of a number of these gim-cracks, which, like vermin 
traps, were stuck about in the shrubbery of R. Ark- 
wright, esq., of Cromford. 

A new act has lately received the sanction of the 
parliament to "amend and define the mining customs" 
of Derbyshire, so far as relates lo the open or cus- 
tomary manors in which these ancient cusloma prevail 
There are a number of private manors which are 
exempt from these customs, but in the customary 
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ntanois tfae practice still prevails, of keeping the itonq 
as llle symbol of poiieenon, on ■!! mines which * 
held lo be in trorknantliip. The custom is but loowly 
observed, as the slowBes are hable \o decay and to be 
trodiien dono by cillle; but th» bar'inastfr can require 
Ae miners to reoev them if needfnl et certain I ' 
The ore having been detached from (he s 
which it is embedded, either by picks, or by n 
ganpowder, and brought la the surface as already de- 
scribed, is in llie neit place dressed by the following 
process: — each bucket of stuft' is sorted into tlirre 
aorts, vis. knockings, riddlinga, and fell, the latter being 
what passes through an inch iron-wire sieve, in which 
the riddlinga remain : ihe knockings, which i 
larger pieces of spar or stone, mo^t of them with 
tennixed or adhering, are put into a harroTr, and 
wheeled to the bank ; the riddlings are emptied intc 
picker women's wooden hoppers, and the fell ie thrown 
On a heap. The smaller ore is, in the next plae 
washed, to free it from the loose dirt, in a tub of wale 
by means of a atoul sieve ; while the larger pieces are 
broken sma!! upon a hard stone or cast-iron plale, atwut 
seven feet long and seven inches broad, the largest 
(neces having been previously reduced by means of a 
tiedge or balching hammer. The knockers, who are 
generally women, having reduced the ore to pieces of 
about the size of peas, it is transferred lo llie washers, 
who are provided each with a large tub or ore-vat, 
almost dUed with water, and an ore-sieve, composed of 
58 to 72 wires in 17 inches, which is the diameter of 
their rims ; into which they put a considerable quantity 
of the pounded ore, which they thoroughly rinse, re- 
peatedly throwing out the larger pieces, the smaller 
matter falling into the vat, while the peasy or granuUied 
ore is dexterously taken from the riddle by means of 
a small shovel iward. Modern improvements in the 
procesBea of smelting lead have led to the means of se- 
parating the metal from ore, even when in a state of 
mud or dust which could not be effected by the andeiA 1 
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niothml. On lliia account, not only U the oi 
raised thoroughly exhausted of its metallic parti 
but the refuse of the old workings has been very M 
cesifully rnlrei^sed and turned to account, by an ope 
tion called huddling, which consists in washing the bI 
of the hillocks scattered over the district, i 
Etream ; a, practice, however, which is exceedingly || 
prehensihle, as frequently poisoning the water " 

All lead ore which is dressed ready for s 
King's Field, la obliged to be measured in presence fl 
the bar-masler before it is removed from the mine ; flM 
which purpose, in Wirksworth wapentake, a rectangulat'. 
box is used 2S inches long, 6 nide, and 4 deep, calted 
a dish, and reputed to hold 14 Winchester pints vhea; 
level full; while in the High Peak liundre<l, 12 piaBt' 
are reckoned to the dish. In the measuring of OH^ 
every S5th dish is set aside by the bar-master, aa th>i 
king's cope or lot ; and, in case of a composition being^ 
due to soughers, who free the mine of water, as ^th i^ 
Wirksworth and of tythe being payable, as ^'gth in tlbtf 
same place, the bw-master causes every sixth and ev^ 
fortieth dish which is measured, to be set aside or laid 1 
ill separate heaps, for tlie use of ihe parties, and so of ' 
the lord of the manor's dues. If any such are payable ' 
where the mine is situated. The tythe or lead ore ia ' 
said to have been claimed on the groundless pretennaa 
that the ore jrreut and renewed itself in the vein. About 
the year 1 780, the gentlemen miners, or maintalnen, m 
they are called, in Wirksworth, met the cle^yman, and 
agreed on -^th as the tythe-owner's share of saleable Oie 
from the mines ; but the working miners, when ihej 
came to hear of it, all met, and unanimously resolved lo 
pay no more than ^th of their ore as tythe, which the 
clergyman, much to hit credit, accepted, without further 
dispute ; and the same has continued lo be the proportion 
]mid in that parish. 

As the miners of Derbyshire do not smelt their own 
ore, it is sold to the owners of the ciipalos, or smelting- 
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noKS, when diesMcl u ahore dKcribed, 
nrjbg tooievbat aceoriiiog u nnutM 
fiindpals of ■ smellinft-hiiosc of mjicctafatlilj 
ibti their usual practice iii buying or* k, to 
fiOlbbU the tUltdaxd weighl ^s 14 ^B dlah ^ 9it, 
' iD the High Peak, by ihe new Act. the dab k at 
J lo IS pinis, and the lUadml ii csfled fi51kL li 
1rai fonnerlj the ciuloni la ■llow ibe tninRS M whom 
ibt nnelters vere regtilar rnMomen, half the prior per 
UO &r their ore that lead bore per fotber at BdII, m 6m. 
time of taking up each parcel of ove ; and that pimli 
t, weighing less or more than the above MiiiilaiJ 
vrigbt per dish (from the aTcragg of three iBJiw), — e 
deriacted for, or allowed extra, at the r«U«rMnaWllfaigi 
fer ton of ore for each poood that the HA fall Acrf 
e( or exceeded ihe ttandard. The fbtber ii qoiW da«« 
May with, and the sales of lead are Dtade bj (he Mtt «f 
HUlha. In surh a mode of sale, it waa, of coone^ 
miderUoDd that the bargaiu^ were made for iiMiiitmhh 
pedoda of time, in order thai a fair propdrtiiw of liMg 
mrkeii might occur in favour of the 
Mubnce to the Mling ones, which i 

In the earliest periods of the n 

e ofe wu uDdonbtedljr smelted oi 

mt of high hilLi, by firei made c 

d htown by the wind only: |} 
we termed boles, aad the a 
fiy sereral eleraied sites in 

One of lliese bleak e 
Bdd.crowned with a fine ptautalioD, amlei 
great distance ou the moors, has bce« dnrmii^r o 
imtcd b; Mr. Alonigomery, in his wefl-fcnoww auMna 
(atitled, " Bole i lill Ir^ec." Tliese nt? aneient baloh 
sr whid hearths, were succeeded bf slag-milk, or bcwIiH 
■mOar to those st Mendip ; bring tamewbat like a Um1e< 
on a lai^e scale, and blown bj bcflMr* 
worked cither by men or water, «od one of which MiH 
ittacheii to each capola, where ibere ti a KrCMi 
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oF water, for the conTcnience of reraelting the h] 
the metal has been Itrst drawn from the ore in the 
furnace. 

The cupolaB, as they are called, or those low-i 
I l^verberating furnaces which are commonly use 
I . smelling the lead ore in Derbyshire, an 
been intnwiuced from VValea, hy a company of Qui 
ahont the year 17'1'7- The very perfect c 
Sykea, Milnci, and Co., called Stanage, in AshoTer,! 
minutely described in their construction and 
jnent, by Mr. Farey; the description of this gi 
is, therefore, here adopted : — " Each cupola ll 
aists of 3 reverberatory furnace about ten feet h 
six feet wide in the middle, inaide, and two 1 
in the centre ; the flame being supplied from a fire- 
at the end, over a wall of briclia, called the fire-hr 
one foot high, and reaching within eighteen i 
the roof, which descends gradually to the end 
the fire-place ; where it is only six inches ti 
vrhere are two openings, separated by i 
block of fire-stone, which meet in the pass, 
eighteen inches wide. This flue curves upwards tl 
a length of ten feet or more, and is covered b 
stones closely joined in fire-cby, that can be r 
when the flue-glass, or vitreous scoria, requires e 
ing ; these fluea join hy an easy curve into 
chimney, whose top is fifty-five feet above the £ 
One side of the furnace, or cupola, is called tbe laboni 
side ; here the door is situate for supplying coals U 
fire, and also three small openings, about sii 
square, into the furnace, stopped by iron plat 
can be removed when a free current of air is required, 
or the furnace needs stirring. On the oth«r side, called 
the working side, are three similar openings, stopped in 
like manner, by moveable iron plates, and two othen 
below them, for tapping the slag and the lead, as men- 
tioned below ; the ash-hole also opens on this side, and 
has conveniences for raking and opening the grate-bara 
from below, in case of their slagging up, ao aa to impede 
the draft to the fire. 



fht loor of dM tenm, vfaidi i> rnntpttii tt M 

il^ lam^j nxniM, *Dd hivagtit to tbe f fO f i u lorv 
W hoe»r i* made Dp Dcsrij to tlie Irral of tbe *BaB 
6m <Hi Ihe Ubaofct's ode, bat d«diiie« m am to he 



bfii% ma. tbe Ind tnlD ■ large cMt-iraa pn^ nlM the 
*~~' ~»a, placed nBder it in a nidhe in tbe lower part of 
mace. From ibe lead lap-bole tbe boaoa li^ 

A vqt, fonniiig tbet«b]i > leoqitade of tbe proper «tie 
ihr tbe lead cootained in ■ cbuge of Ofe ; loel witb ibe 
Mul Mrface of shich, anotbcr tqt-bole ii rnkde nttder 
Ac door which is fanbe^l fhtm the fire-plMv: tbk h 
At tapping or letting off the dig. In the eeanc of tbe 
bpoflbe furnace there ia a tmall op«Tung, called tbe 
Bom-hoie, covered bj a thick iron pUte when ilie fnr- 
JHe bat work: above tbia erowD-bole is a lirfre hopper 
ffwDod, with an iron tnbe bdow it, reaching dowo 
AboM to the plate wbicb cover* tbe crown-bole ; above 
fteinm tnbe the hopper is fumisbed wiih • abntile, or 
til£ng valve, and the whole is mipended b; framing 
fton the roof of the large buildiBg, like an imtnenae 
Im, io which fonr of tbe cupolas thui described are 
eonlaiiied. Into the aforesaid hopper • diai^ of ok is 
fB^ at kimire times during the working of the liiniace, 
mdj to be iuEUuidy dischik^ed into it, bj removing the 
cnwn-plate and drawing the hopper- shuttle, ai non m 
dlthe lead of the previous charge has been drawn o^ 
nd tbe tapping-holea are stopped up b]i quick-lime;, 
■empered as mortar ; so that neither time nor heat ia 
hwl between the chafes. 

" In the cnpola or rnmaee thus constmcted, the pro- 
of roasting (he ore at a moderate heat, to expel or 
mUime (he sulphur, arsenic, &c. can be performeil, and 
ifietwards an intense heat can be applied for expelling 
ihe oxygen or rcdncing tbe metal. The ore, which is 
bow shot down into the furnace at once, nsuall; tonsiits 
of five or six, or even seven or eight sorts, frran dif- 
ftrent mines, or dressed in a different manner ; on which 



mixtureSj in due proportions determined by ex 
the perfection of the process much depends, 
hundred weight (of 121) Hm. each) is the usual i 
which IB tirEt raked and spread over the floor of j 
furnace, and then the doors are closed to bring it 
red heat ; when the doors are again opened, and*! 
ore 18 raked and stirred slmut, first from one side offl 
furnace and then from the other, so m to expose n 
edly every part of the ore to the action of the heit j 
the air, during several hours ; at the end of which if 
the doors are again closed, and the fire increased UtM 
intense degree, by which the reduction of the b 
effected, collecting in tlie bottom of the fiimace, wUI 
the slag swimt on the top of it, to the depth of tvfrl 
three inches, Tiie tapping of the slag is then pi 
by poldng out the stopping of Ume, when the slag fl 
out like melted glass in appearance, and soon t 
the floor of the building; in which state it is 
of a whitiah-grey colour, and moderately heavy, 
macaroni slag, as it is called, being drawn off, the St 
immediately scatters in upon the melted lead t 
three shovels-full of quick-lime, in powder ; which H 
the effect of stiffening the remaining slag, which Sm 
on the metal, and which is carefully raked off in 
£uid state : this is called drawn slag, and is, wheB a 
of a very dark or black colour, and very heavy." 

The lead-pan being cleared out, and the stopping jj 
lime removed, the metal is suffered to run clean oQt j 
the furnace into the pan, which is then skimmed, ■ 
the dross is thrown back into the furnace, where it( 
hibits the most vivid and beautiful changes of o 
imaginable ; the lead is then taken out by ladles, t 
poured into seven or more cast-iron moulds with r 
ends, of the proper size for pieces of lead, which ■ 
placed in a row, and are there left to cool. A aewTi 
charge of ore is now let down into the furnace, throng ] 
the crown-liule, and the operations repeated, by meant 1 
of two sets of workmen, during every seven or eight ' 
hours, far the whole week. Co3.\& wte used chat are ■ . 
^*riJe disposed to cake oi croii\e. 
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Geparation was a ledious and wasteful one. 
founded on the fact, tliat lead oxidizes -velj n 
readily than silver does. The extraction of thefl 
was conducted in a large cupel of bone-ashes, fof 
the bottom of a peculiarly arranged reverberstol 
nace. This is connected with a blowing appan 
that the lead being brought up to a bright heat, 1| 
jected U) the action of a strong current of atm(M[ 
air. This current oxidizes the lead, and a 
time carries off the Iitliar;^ from ita surface, i 
litharge is run off from the furnace in a st 
and the remaining lead becomee rnore ani 
silver. A large quantity of this rich lead being ol 
a, weight which has been indicated by assay tt 
from SOOO to 5000 ounces, Is again melted dowfi^ 
placed in a cupeli'where the process of extracting U 
silver is completed. The test in which this ii 
is holtowed out Ut receive the pure silver, and the oi 
dizing lead is constantly being removed from the surfaoel 
by mechanical means. When the last traces of thc>| 
lead are removed, the brightening of the cake of silvef 
is singularly beautiful, and by this is known the period, 
for slopping the process. This method involves a Ion 
of at least 7 pei" cent, of the lead operated on, conse- 
quently the introduction of an improved method WU 
really adding to our national wealth. 

This method is founded on the circumstance, &»(, 
noticed in the year 1829, ^y H- L. Pattinson, Esq., ^, 
Newcastle-ou-Tyne, that when lead containing silver ii 
melted in a suitable vessel, and afterwards suEFered to 
cool slowly, at a certain temperature, a little belov Ute 
melting point of lead, small melalhc crystals begin to 
form in the fluid aftoy, which, as rapidly as they are 
produced, sink to the bottom, and, on being removedj 
are found to contain much less silver than the lead origi- 
nally operated on : the fluid alloy from which the crys* 
tala have been removed, is at the same time rend»ed 
proportionally richer in silver than before. 

The appUcation of this discovery constitutes " Pal- 
tinson's process," which is carried out as follows, and. 
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when ihe above detaiJed principles have been properly 
xtremelj simple. A Beries of 
jts are set iii a row, with a fire 

pltoed beneath each. These are eai^h capable of lioliliiig 
(boot five tons of molten lead, and, on commencing the 
Operation, that quantJcy of meial, nhich la called c 
^nal lead, containing, it may he, about ten ouncea 
bIvct per ton, Is introduced into one of them |>laced 
ibout the middle of the eeriea : thin, when meltni, is 
earcfidly skimmed with a perforated ludlc, and the Hre 
immediately wiihdraivn from beneath the pot. The ' 
kid thea begins to cool very slowly, and is constantly 
lept stirred witli a long iron paddle or «/ire. In a 
time small solid crystals b^n to form in the fluid 
; and these, as they accumuLtle and fall to the 
bmlom of the pot, are removed by mwua of a large 
fcrTorated ladle, in which they are well shaken, and 
ifterwards carried to the nest pot to the right in the 
imes. This operation goes on until about four tons of 
tr/OAls are taken out of the pot No. 4., in which the 
eriginal lead was melted ; it Is placed in pot No. 3., 
H wbich time the lead of pot No, 4. will contain 
■bout thirty ounces of silver per ton, and that contained 
in No. S. only five ounces. The enriched lead in the 
Iwltom of pot No. 4. is then ladled into the next pot 
to the left of the series. No. S., and the same operation 
performed on pot No. 4 , with a fresh quantity of lead. 
In this way the original lead is constantly being 
ailded, and the reeulling poor lead as constantly passing 
to the right, while the enriched alloy passes (a the left; 
.s each pot in the series, when tilled with lead of 
vn quality iu silver, is gradually crystallised, the 
poor lead passing to the right and the rich to the left, 
il evidently follows that the crystals from the pots to 
the right must become deprived of their silver, whilst 
the enriched lead, as it advances from pot to pot to the 
left, becomes richer and richer ; the result being that 
the last one of the series the poor lead contains scarcely 
a trace of silver, whilst the liquid alloy on the left 
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becoineB bo rich, that a large plule of silver is obtained 
by submitting but a rmM quantil) of ii to cupcUation. 
B;^ these repeated crt Etalhaations the quality of the poor 
lead IB likewiEe much imiirove<l 

The arrangement of tlie pols in nhich the crjBlallU 

ea^on of lead containing silver is carr ed on ib repre- 

Bented ^. 4. AAA are the ordinary irorktng pet* 

Fig, 4 




in which the crystsU are obtained , B is the poor or 
market-pot, placet! at the extremity of the arrangement, 
and which is smaller than the others : from thia pol 
the poor lead is ladled out into the mouUIa, and for 
this purpose it is s httle less raised above the level of a 
the floor than those adjomiug Ihinng; the working of 
the process, the ladle employed in taking out the aji- " 
lols ia liable to become chilled, and when this is the 1 
case the lead adheres so hrmly as to stoji up the holes ' 
with which it is perforated To remedy this incoD- 1 
venience, small vessels full of fused lead, raieed to « , 
higher temperature than that of the large pans, are placed . 
between each two, with the exception of the market-pot, 
which, as it is not used fur preparing crystals, is never 
worked in the same way as the others. 

These vessels, C, are called temper-pots, and are usually 
two feet in diameter, anil, therefore, just admit the ladle 
and allow it to stand upright. The ash-pot of the ar- 
langement extends the whole length of the series, and 
is partially covered by the flooring, which is supporleil 
by s row of slender iron pillars. This is approached 
by a flight of steps, by which the workmen can descend 
for the purpose of attending to the fires. 

The ladle by which the crjBtsiB aie icnmied bam 




IT has been filled with crritilEied iad. » is 
t of the pot b7 tbe n^ of the ■»rtinwi, 
«tio Step* on the top <j ibe hriefcwark, 1*4 «■» iW 
n bandk u ■ fever, hj wW(k hi IgaiB kn bla>- 
Klf down on die floor. On ibe «dgp «f each pot m 
pbeed s Urge pig of lead, Inio At f f u ivrftoe of 
(rluch a bu- of iron bai been OM, nd iIm httci n ■ 
which Che dunk af Ae bdle non whikt 
it ja being liolentlj ihaken by the wariEmja, wia, 
rinding on a wooi^ bridge ifarawa over dw *rf»-bole, 
■{filiea aD his force in jetkii^ at the odtei exmtmxj. 

When the crjitallised lead hM been nfiocDdy 
taincd b7 this tieaiinCTt, tbe ibank of ibc ladle ia 
|ibeed on a faooh attsefaed to a chain hangii^ frm one 
of the beams of tbe roof, Mnd it tbeitbj nmng over 
t in tbe taim to tbe rishu when ia 
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contents are allowed to foU. Tlie poor lead i 
hy this praceBs shoulii never contain mare than lOd 
of EJlver to the ton of metal ; and the rich i 
seldom coucentrated much beyond 300 o _ 

ton, as beyond this paint the crystals obtained became 
too strongly charged wilh the more valnable metal. 
This process is now practised in nearly all the lead- 
* mining districts of Great Britain, and by it ihe produce 
of silver in the United Kingdom has, within the lut 
twenty years, betn more than doubled. In addition Id 
this, large quantities of lead are annually brought to 
England for the purpose of being desilverised hy its ap- 

The following estimate of the silver obtained from 
the lead annually produced from the mines of Greit 
Britain and Ireland has been compiled by John Taylor, 
Esq., whose knowledge on this subject is very exact 

The produce of silver stated must be considered m ' 
an approximation only, founded upon a general ac- 
quaintance with the mines of the different districts, — 
the only method by which an estimate can be mode, — ' 
and is liable to correction. 




INQ WHITE LEAD. 



U»d ore imported in 1850, l,3B0lc 



Tlwni 



nlofBllve 



1 e 6,700 Di. 
Tslued at 5(. per ounce - ■ £4lfiTS 

b iddition to the silver obtBinid TrDm 
lad, Ihere is nov a large impartation of 
Blfer ores. ftnJ Brgpntiferoui copper orei 
fioBi Chili, Feni, and other parti of South 
America. The value of the (ilver EI- 
lnct<id ii probably not leu at preseoE tban £200.000 

The litharge resulting from either of those operation! 
ii mlisequently reduced by inixinf> it intimately with 
tmtU coal and arrangxng the mixture in a furnace, 
which, b; its arrangements, exposes the oxide of lead to 
the reducing gasea, products of combuntiun, and the 
uoiequence is the revival of the mclallic lead, Ii is 
not Deccseary that the details of the various processes 
adopted in difTereot countries should find a place in this 
wlume : these belong to works of an essenti jly technical 
character, and to such tile reader is referred. 

Litharge, red lead, white lead, and several other 
compounds of lead are moit important in a commercial 
point of view : it is, however, only necessary in this 
place to ttste that while-lead ia formed by exposing 
iheet-lead to the action of acetic acid vapour, nhiuh is 
raised by being irobeddeil in fermenting tan. The lead 
absorbing oxygen from the air combines with the acetic 
add, forming a bacic acetate of lead, which is decom- 
posed by the carbonic acid of the surrounding air, basic 
carbonate of lead being produced, and neutral acetale ot 
kadiwiaiouig; this, aiidei the action of the air, lakes 



^^^^H ap a new quantity of lead, and the same decao 
^^^^H IB renewed, a minuie quantity of acctie acid » 
^^^^H produce a large quantity of ceruse or while lead. 
^^^^^1 Another method has been suggeeted, but not V 
^^^^B generaUy adopted, notwithEtanding iii apparent ai 
^^^^^m tagEB. This eonaists in exposing litharge t( 
^^^^B of carbonic add slowly formed. 
^^^^B Mr. Fattinson, already named, has patented a p 
^^^^H for obtuning a new white lead of great beauty, ^ 
^^^f i* obtained by chemical action directly from tl 
^^^^ the slate of an oxiehloride of lead. The process ai 
by Mr. Fattinson has the advantage over all ■ 
relieving the workman from the deleterious ii 
of the du6t of while-lead ; and, as a paint, it i 
answer in every way equal to the ordinary nhite-lea 



White-lead of all qualities and jirices is 
in the market, the lower priced article being 1^ 
mixed with sulphate of barytes, and not unfreque 
with les9 expensive substances even than this, conta' 
really but a very small per cenlage of pure ci 
B or white lead. 

^^^^V In consequence chiefly of the discovery and si 

^^^^K fill working of extensive and rich lead mini 
^^^^^1 die foreign markets have, for some years, been li 
^^^^B suppUed from that quarter : complaints, howeve 
^^^^H this score, were heard as early as about the year 1 
^^^H buC since then the Spanish have been much more e 
^^^H aivcly sought. As the admission into this coont 
^^^H foreign lead at a small duty is allowed, the dc_ 
^^^H aion of the trade has frequently been attributed solely 
^^^^1 to that circumstance by ignorant or interested men, 
^^^V when they have found occasion to inveigh against whU 
^^~ is called "free trade;" with how little reason, will be 
f seen from the foUowingaccount of the quantityof lead, 

I lead ore, &c., exportedandimportedin the years ending 

L January i5th, since 1S3I, with the cxceptiou of four 

^^^ years, of which a correct return cannot be obtained : — • 
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Ton. 


Fordp 


Foreign 


Fof«lcDL«ad 
admlttadto 


BriiMiLMtf 


* W^M0« 


fanpoftcda 


txported. 


HoiM 
CooMnpcioD. 


csportad. 




Tons. 


Ton*. 


Tom. 


Tom. 


I8S1 


4 


4 




19,772 


188S 


97S 







17,460 


I8S3 


883 


81 




15^30 


1824 


546 


307 




12,940 


1885 


903 


749 




12391 


1896 


7766 


3655 


1S79 


10,5^ 


1897 


S03S 


1847 


15 


12,409 


1828 


3240 


2282 


16 


16.217 


1829 


7466 


1785 


129 


13,256 


1830 


1708 


1700 


35 


8.647 


1831 


1016 


861 


45 


9,309 


1833 


1387 


978 


409 


13.898 


1834 


2398 


863 


1535 


11,145 


1835 


2122 


867 


1255 


10,411 


1836 


2727 


1275 


1452 


13,372 


1837 


5009 


913 


4076 


11.418 


1838 


2994 


1519 


1475 


9,560 


1840 


6439 


3737 


2702 


l2/f0l 


1842 


4550 


946 


3604 


14,OT9 


1844 


2863 


2439 


424 


17/197 


1845 


3200 


3191 


9 


18,366 


1846 


5778 


3241 


2537 


14.531 


1847 


7600 


4704 


2896 


1.5.641 


1848 


4472 


3502 


970 


15.666 


1849 


51S0 


3796 


1434 


8,-5.56 


1850 


8596 


5172 


3424 


21/Xrt 1 


1851 


17^81 


6355 


10,326 


2f)/;ii 



The price of lead in the home market ha^ fi actuated 
considerably: in 1806, it was 35L 12#. 6d, per ton; 
exactly ten years afterwards, it was only 1 Gl. ot. ; and 
although it afterwards rose, and for some years main- 
tained an advance of about five per cent, upon the price 
last mentioned, in 182.9, it had fallen to 14/. 5/t, ; and 
in that and the following years the poor lead miners 
piffered great distress in every part of the kingdom* 
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The preiait priee of lead (Janoaryy 1853) is, pig le 
22^ lOt. and sheet lead 28L 

The qnantitieB of lead ore ndaed^ and of lead pr 
duced in the United ELingdom during aeven years^ 
ahown in the following; Table extracted from the retur 
annually puhliahed in the '* Memoirs of the Geologit 
Survey and Record of the Sdiod of Mines." 



Tetn. 


Lead On. 


Lead. 




Tons. Cwti. 


Tons. Cwts. 


1845 


78^67 


52,695 


1846 


74^4 


50,161 


1847 


83,747 


. 55,703 


1848 


77,864 


54,853 


1849 


86,773 


58,703 O 


1850 


93,043 8 


64,572 14 


1851 


101,964 18 


65,110 11 




Tq diveiEity of jx'iet to which le&d i» applied, in the 
wdiiiuy artE and manufscturea of ihia country, ii by 
I" too great to admit even of enutneratioo : in order u>^ 
prepare the metal for these various purposes, the pig i« 
nfical either by casting, rolUtig, or some otlier m 
Probably the greater portion of the trhole a 

by the plumber, is in the Mate of 
these having been formed, either by Eimply 
Hsn'ng them, according to a process presenfly lo be 
iieicribed, or by iiist casting, and then poaing the melal 
between large steel rollers, by means of which the sheets 
■re not only reduced lo any degree of thinness required, 
but are thereby rendered uniform in their substance 
throughout, as well as perfectly smooth on the surface i 
thU latter is called in commerce milled lead. Of sheet, 
or milled lead, the quantity tiied in the covering of 
boildinga, and for the formation of pipes of all sc 
sixes, is very great. What this amount may actually 
be, or whether, on a comparison of past times with the 
preBent, the. consumption wotdd, all things considered, 
be Anind to have diminished or increased, we have not 
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the means of ascertaining correctly. The ub 
VBniBed iron and of sheet Kinc has greatly il 
with the use of sheet lead for roofs and aimllBr fl 
poses. Although in mansions and public build! 
of a, certain clasa light slates may have been adopt 
in the covering of roofs, which would, at another 
period, have been overlaid with sheet lead, yet, whea 
the exceedingly great number of buildings in the com- ' 
pletion of which eaves, gutters, and all the requi* 1 
site overlappings of this metal are required, are taken J 
into the account, a great deal more lead must be (»n- 1 
sumed by modem plumbers than was used for like | 
purposes in former times. | 

The Sasons, in the earlier period of their histwy, I 
covered their buildings with slate ; but, according U ■ 
Strult, their most magnificent structures 
with lead ; Ingulphus says, the abbot Terketulus, in 
the time of king Edgar, added large buildings to the 
monastery of Croyland, for the reception of poor hiodIm: 
— " Omnia de lignii levigatia facta sunt (quia moUa 
lapideam fundamentum debilc ferre non Kutfecil) pJufli- 
baque cooperata." 

Lead, in the condition of sheets has long been applied 
in this country for the preservation of the dead bodiel 
of great personages : this practice, seemingly unknown 
during the Saxon and Norman reigns, began to he pre- 
valent in the English era. Geoffrey Mandevjlle, in 
the reigti of Henry i., dying under the cu 
munication, might not be buried in consecrated earth ; 
therefore some of the knights templars, says Camdoi, 
enclosed him in a pipe of lead, and hung him upon ■ 
tree in an orchard at the old temple, Weever does not 
call it ''a pipe of lead," but " a leaded coffin." This 
singular circumstance, however, is not by itself thought 
sufficient to warrant a conclusion, that the practice of 
so enclosing the corpse obtained at so early a period in 
cases of actu«l interment ; Edward the Black Prince 
being dead, his body, saya Froissart, was " embaimf tl 
mis en uni) vaiaaeau de plonrq " — embalmed and put (B 
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a vokI of lead. And the corpse of hii succetsor, 
KduiTd II., was, as we are told by Harding, ** lapped 
klede;" and so afterwards were the mortal remains 
of die monarehs of this conn try, as well as many great 
men disposed of previous to burial. In our own times, 
die practice obtains among the more respectable clawes 
geDoally. The soldering up the body in this manner 
not only preserves it from all access of air, and conHe- 
foently from decay, through an indefinite period after 
it ii deposited in the tomb, but it afibrds opportunities 
ftr that delay between decease and interment which, 
Int for this expedient, could hardly be secured except 
\fj embalming or other like ofiensive proceu. 

Sheet lead, adapted for the abo\e-mentioned, and 

umumerable other purposes, is prepared, as already 

ittted, by casting and rolling ; the former process being 

that which, in connection with hammering, was ex- 

dorively known to and practised by the old plumbers ; 

the latter method has originated in the obvious and 

easy application of the immense power of the modem 

flatting mill. In casting sheets of lead, the operation 

was formerly as follows : — A stout table or bench is 

provided, measuring about five feet in width, and being 

from fifteen to twenty feet long ; this is surrounded by 

a raised margin of board, four or five inches deep in the 

iDside, and the parallel sides planed, so as to incline 

very gently from the top of the table to the bottom ; 

upon this table is spread a covering of fine river sand, 

sifted to free it from lumps and other matters, and 

pounded, along with a little water, so as to make it 

cohere when beaten on the surface. The sand, in this 

state, being shovelled upon the bed, two workmen. 



Fig, 6. 




taking hold of each end, a a, of a. wooden strike of the 
suljoined form, and walking on opposite sides of the 
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table, draw or slide the billet over the u,oi, ■ 
manner as to lay ha suiting even through the lenj 
the bed. It must be uiiclerstood that the ri 
face of the strike from c to e extends within the n 
sides, the parts at 2> 6 sliding along the superior « 
the aand-bed being thus levelled, a planet, 
copper, and having a handle resembling a p 
trowel, is dexterously applied all over the surfa 
sani], in order to render it as compact and si 
poBsible. 

The bed being thus prepared, the next opi 
the covering it with meial ; for this purpose tl 
ladled out of the large cast-iron pot, in which IJ 
have been melted, and which, for conveniency, : 
the head of the table, into an oblong trough of Hi 
wood, — if of the latter material, lined with land, 
suspended by tackle at the head of the castii^ 
This vessel, when charged with a quantity o 
equal to the weight of the contemplated sheet, i 
up to the height of the table, and its contents u 
the Band. The two men then being ready w 
a fore- men tinned strike, place it across the table, n 
it upon the raised edges, and, passing quiclcly ■ 
they spread out and drive forward the molten I 
GO as to leave behind them a plate of uniform tl 
to cool upon the saml, the overplus of lead flowji^ 
at the foot of the table into a box placed there b 
ceive it. The ihickness of the metallic shee 
lated by wrapping, and fastening with nails, piet 
leather about the sUding places of the strike at b ' 
which, by elevating the lower face from o to e, 
the mass of fluid metal correspondingly greater 
sand. It need scarcely he remarked, that the a 
of this operation depends a good deal upon the i 
ness with which it is performed, as well as up 
s of the metal used. The best kind o 
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pRsmts Uoe or prismatic ooloany in some places verr 
dee{s and more or leas diffused over the whole sur- 
6e& The lead in this state is denominated amon^ 
phimbers hy terms indicative of the wet^t of a squaxv 
foot, as 5^ 5|, 6, 6h 7, 7^ 8, 8^ lbs. It is this case 
lead with whidi boudings aie^ or generallj ought to be, 
covered, being considered to be less liable to contraction 
ud expansion, and consequent fracture from change c: 
temperatare, than milled or roiled lead ; thoogh it is 
probable the difference between the two sorts, in this 
respect, depends leas upon any pecnliaritj in the manu- 
fictore, than upon the advantage which the criginal 
quality and greater thickness of the cast gives it over 
tibe miUed metal, — the latter being of a mixed and in- 
ferior material, as well as that it is occasionally used 
very thin. Lead ia sometimes rolled into sheets about 
aix feet in width — the length depending upon the thick- 
nets ; a sheet weighs 9 cwt. Mills for reducing lead 
into sheets by means of immense rollers and steam power 
are generally found in the mining districts ; there are 
celebrated establishments of this kind in Derby, and also 
at Newcastle-upon-Tyne and other places. 

The lead in these manufactories is first moulded in 
a cast-iron frame into a plate six inches in thickness, 
and six or seven feet square. AVhen this has sufficiently 
cooled, it is lifted from its mould by a powerful crane, 
and placed on the machine by which it is to be 
rolled. These rolling machines consist of a long frame 
or bench, and at intervals of a foot are placed rollers 
all on an exact level, and so adjusted, that a heavy 
body may be pushed from one end to the other without 
much difficulty. 

In the centre of this stage are two heavy rollers, 
which by powerful machinery are made to revolve in 
contrary directions ; each of these cylinders is sixteen 
inches in diameter, and is turned with a perfectly smooth 
and level surface. The distance between the two rollers 
is regulated by screws and pinion wheels, and the motion 
admits of being reversed by a simple mechanical con- 
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trivanee. The prepared plate of lead is brought betw 
the rollers, strongly compreesed, aod gradually d 
through to the other side, when the distance beCneeo 
them is diminished ; and by reversing the raill, tb& ■ 
sheet is again drawn back to the part of the platform ■ 
on which the original plate was first laid. The lead is 
in this way Eometimcs passed between the rollers froin 
300 to 300 times, its thickness being diminiahad, and , 
its length increased, at every operation. The originlil 
plate is generally extended into a sheet which, when in* 
tended for rooting jiurposesj ia about forty feet in length 
and seven feet in breadth. 

The Chinese, in manufacturing the thin sheet lead in 
which their teas are imported into this country, condnet 
the operation in an exceedingly sittiple manner. The 
lamiuDS are not rolled, as from their extreme thirnieu . 
might be supposed ; nor even hammered, as the appear- 
ance of the surface might indicate ; hut actually cast >t 
once in the state in which we see them. Two men are 
employed : one of ihem is seated on the door, with ft 3 
large flat stone before him, and with a moveable flat 
stone-stand at his side. His fellow-workman standi 
beside him with a crucible containing the melted lead; 
and having poured a sufficient quantity on the slab, dw 
other lifts the moveable stone, and placing it sudden^ 
on the fluid lead, presses it out into a flat and thin plale, 
which he instantly removes from the stone. A second 
quantity of lead is poured on in a simi' 
a similar plate formed ; the process being carried on 
with singular rapidity. The rough edges of the plite» 
are then cut off, and they are afterwards soldered toge- 
ther for use. Mr. Wadiiell, a Scotchman, who wit* 
neased the operation in China, applied a similar method, 
with great success, in the formation of thin plates of 
zinc for galvanic purposes. 

In laying sheet lead upon roofs, it is necessary to j,.™ 
the pieces together, lo secure them against being blown | 
off, aa well as to prevent the entrance of rain or snoir i 
ititg the buildings so overlaid. There are three kindi I 
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of leunsy deaefbed br jiumibsn w rul» nv^ j 

•oldered. The famier. mc auc v-2Ai=i i^ jLTsoziiiissi zir 

bett, CDDfiists in piarmf wwt a: wm»c auou: nri 

inches in &e sqiisrb. bic nnmufrL m. ua: xnnp** 

at oooTcnienx inmr-Ais iqioL zttt iMjaror via v1m:= 

iQof is nsaallj £tsi opvarc ; ant she" tte ^^•;£ r r 

theet has been folded c«vser aie vooc in* acicriniic 

ii folded over that, is ih^ o^mKitt diTsiSiiffi. 

in die manaer in whidb nicK an aeex. ic thI cn^ ccr 

inodier as the nde^ The ieBu n. ztm- Tmst. m imasirf: 

only by being ckiaelT hammgyi dovx . ixk Vitr:% :*;i^ 

verj dose, and the ejeraboL of Uit ruL pr^^rf^iixc iir 

vitier from patiiring ihrtm^ vsjdsat mtusr ^f^- •smrAcr- 

dinarj amzmsxaneek C^veisj K-'imjf ar* zlaIi: :r 

merely bending up the two ed^:» cc izit j^an w i>l- 

joio, and then folding ihpir tuituiij i*v*r tao. tm^ir 

and hammering them veil dovx. Sicz. ixaac mtraaiui 

admit, in different de;pveE. of liit txMZJS.iii c.' Ui* 

nietal ; which is not the caat irizi. ixit Uiin vjt. ;r 

joldered seams, and which arsr cuf: rar>i.-,i MCi-rz/r:: ;2 

iDofing. In makiz^ cff pips^. tiiZ. Ih.izjt ir '..LFirrzi^ 

where, on many acconiits. sai'^i:!. tM *-:r-s:** -.tr*.iUvi* 

<rf teasperatnre are less to be i:.i-r.:;tirrL mLiii-^.z^ ^ 

always resorted to. The toi'Ii cc i:t^ luim-i^tr jrr j-^ 

and simple : hammers, wooden zi.LiK'Zi. zia urrfh^tr i^:.: 

flattener, which ia an instrcmeLt t^uvnz r*s.— ^ n.jirr'. 

Jong, made of beech- wood, £mioz. I'Ztt ^-ut tzn tvilij-^'. 

01^ the other^ — the former suiied f :r F:»r»aL-.::r uu :m 

lead, the latter for laying ii in ^zitn : p~.x_ix 'jt k ,^ 

dering irons for making seazsj ; & vr.-jc. iii^'t fir 'iw- 

ting the sheets with the assiRaLK^ :-f t i^kc zi^^ \L\i\ 

planes^ similar to those osed by li* ;:_:iir. :':.• iii* ;»l_-- 

pose of smoothing the edges of w&rj: ii v^i:i :<tn.i:i{r» 

is required. 

Valuable as lead is for a Taiierr cf r»=r>'-*« .1 t 
laminated form, its use, when wrciri: ii:.'^ r-?^^ t 
atill greater. The use of lead mbes i'^i coLT^r^lf -w-^^* 
and other fluids is of gzeat antiquity — u»t G.13exi Ui. 
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RomaDB having employed them for many of the purpose 
for which they are used in modem times, eepeciaUy a 
conduits for fountains: many remains of this practio 
have been discovered at Herculaneum. In the orifice 
of several of the antique figures in the British Museum, 
bits of lead piping still remain, as indicative of the ori' 
ginal destination of the scnlptares. In England, nfaere 
mines of this metal abounded, its value for snch purpwo* 
was discovered many centuries ago. So early as 133^ 
pipes were laid to bring water from Tyburn to the city rf 
London ; but of what material these were made, we uft 
rot told. Stow, however, mentions that, fifty yearsifW" 
ward, namely, in 1285, water was bronght from Fiil*' 
dington to Cheapsiile in leaden pipes lai<l under gicuHdi.j 
A striking illustration of the expenditure of lead bt 
conduit pipes at a later period, occurs in the instance of 
Hampton Court Palace, which is supplied with wMa 
frum some BpringB in Coombe Wood. The dietaM^ 
according lo Mr. Jessie, is two milea in the moat dired, 
line ; and the leaden pipes which convey the water, tt- 
carried across the bottom of the Thames. There areWl' 
pipes frotn each conduit, making altogether eight mfisi; 
of leaden pipes. These pipes were laid down by C»i 
dinal Wolsey for the purpose of supplying his palMl 
with water. A foot of this old lead weighs twenty-BHf 
pounds ; and, allowing one pound for waste since Ih* 
time of the Cardinal, each pipe must have weigfiel 
135,000 lbs.; and the eight, therefore, l,O56,O00J)» 
It may be added, that the palace itself (which was, pi» 
hably, considerably larger in Wolsey's time) ia cotbiII 
with lead. 

Lead inpes are made, either by casting, and afterwaril 
drawing or rolling the metal upon a mandrel ; or t^ 
bending Batted pieces, cut to the requisite size, until tM 
edges meet over an iron or wooden mijdel, so as to fbnn 
a proper suture, which is afterwards soldered. Tkl 
latter is usually the method adopted in the manafacloM 
of light wide piping, in which great smoothness or fsticti 

ss of calibre ia not reqtiired. The casting-box coosiatl 





of m tran cjtSoder, A, Jig, 7-> 

ni>lc ptitntlj stBiooth nub 
to tlie nw oT (he i 

pipe; il it aba i _. _, ._ 

(caigitiidinallT — one of the 
puts having Bai^f«, or tan, 
bf meaiu of which it m fii ~ 
erwd to an npright pcM, . . 
the otbo-, 01 mnoteaUe half ef 
the cjUndeT, l* tnlintail 
it) proper podtion for me, by 
■Dcani of coUan, «w^s, i 



applied for ibe doting of c 
ing boxn. A tctj aamatair 
torned steel mandrel, C, an- 
swering to the bore of the jkfe, 
' and fiaithed at the tap wiA i 
11 fixed ring, is pot down the rjlinder, the bxwcr cad 
Ung in a centre htde, and tfae upper part haTiag s 
k, or collar, to keep it equidistant from the cylinder. 
The lead being poured in at the upper orifice, and Oli^ 
tie mould, a tube is formed upon the maiidcd, whidi ia 
iriAilrann, without difficulty, by putting a atom qwn- 
Hr, D, through the ring, and turuiug il nMnd ; after 
Vhidi, the mould is opened, and the casting taken out. 
Id raiting large heavy pipes, the mould is planed id an 
turned, or nearly borixontal position ; and the inside 
model, or iron mandrel, is withdrawn by meatn of power- 
fill machinery. Having been thos cast in lengths, the 
pieces of piping are put in successioD apon another man- 
drel, much longer than the firHt; they are then passed 
between rollers having grooves of different sizes according 
to ttte external diameter required, or tliey sre dratri) 
through metal wortles or collars of different dimensions 
upon the said mandrel — each succeeding collar being lets 
thsn the former — until the lead be eslended to the length 
and thickness required. The latter operation, if the 
pipes are large, requires great power in the perfoi 
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of it, and it i» usually Jone by the steam-engine— 

wheel and pinion Imiti between the prime mover 

the chain, or rack, of the drawing bench, sdmitling cf 

bdng detAched the tnoment the pipe has passed through 

I the worlle. Hydraulic machinery is now employed Gk' 

I the prodaction of lead tubing, by which >t can be drawn'' 

I of almost any length. An oltjeclion has been raised ta\ 

I drawn pipes, on the ground that the stretching to whicb' 

1 the metal is subject must needa enlarge any flaw occa^' 

I aioned by casting ; while, on the other hand, the elongk 

I tion of Ihe pipes by rolling has rather a tendency to clow 

' up any such original defect by a campresdon of the aub- 

. Btanee. Imperfections may, undoubtedly, be met with 

ccasionally in both sorts ; but it is easy to eubmit them 

5 careful examination or to satisfaulory proof befoR 

' they leave the manufactory ; and this being done, the 

Urge amount of the article, and the fewness of cooiplaiiitt 

the market, furnish the best ground for coneluding 

that drawn or rolled pipes, when well made, are, equally 

with cast ones, adapted to their proper purposes. ' 

The construction of the various sorts of pumps, and 
of hydraulic machines in general, into the manufacture 
(if which lead and brass chiefly enter, is an imporianl 
part of the business of the plumber. A detailed ex- 
planation of the principles upon which iheee machinef 
act would be out of place, especially as a prerious to- 
lume of this work is devoted exclusively to the subject.* 
Of pumps there are a variety of different constructions ; 
and these, as to principle, are generally divided by writera , 
on hydrostatics into lifting pumps, sucking pumps, and 
forcing pumpa ; but these terms by no means include 
every description ; and, in some, these prinriples of ope- 
ration are themselves combined. Although, in ordinary 
aitnations and for common purposes, the old-fasliionecE 
wooden sucking pump is by no means uncommon; yel, 
nnder other circumstances, the use of metal bas very 
extensively obtained of late years. In articles of tliia 




J 



89 I 



I 



thia rod pasaes throagh a holo in the projecting bn 
E, eo [hat its ascending anil descendiiig stroke is 
fectl; vertical ; this motion is allowed b; means ol 
diagonal action of the gearing connecting it trltll 
handle C, and which resembles that applied to fl 
Bteam-eDgines for the regtUation of the descant oT 
piston in the cylinder. F is the barrel t 
cylinder, made of cast-iron, to which ts Boldered || 
mountings for screws, &c. The upper end is t 
nated by a well packed stuffing box, G, through H 
the pialon rod works. The lower end, H, i 
with what the plumbers term a union joint, for d 
troduction of a valve opening upwards, as n 
affixing of the leaden suction pipe that goes t 
water. This barrel is attached firmly to the plai 
screws passing through side ears on the 
should be bored and fixed very accurately, ii 
the stroke of the rod may be exactly perpend 
the side pipe, titled with a etop-cock, between i 
and the barrel there is a valve opening o 
this pipe is attached the service pipe, through i 
the water is raised to any elevadon above the p 

The cisterns for holding water for doraesl 
which are commonly made of lead, and placed a 
sideraUe height above the other parts, may «' 
fiDed from the roof-spouts, or, by means of a 
pump, placed in some convenient situation eithf 
kitchen or elsewhere. Although, in the constmeU 
water-closets and of hydraulic engines In gei 
of the parts are of brass or of cast-iron, yet, 
of the quantity of lead piping and cisterns 
required, and especially the fitting and s 
joints, &c., their erection is accounted a part of tl; 
nees of the plumber. 

The descending spouts for conveying the rt 
from the lops of buildings, and called socket pipe 
generally made of milled lead, and soldered up tl 
or rather, this seam, in fixing them, is turned t 
wall, so that they have a uniformly smooth a 
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giqiure pie«a«(rf'lMdb7ii 
b nailed lo the wiS, and ihoi a 
; upon iboe cfHndtra, ■ 
ra at Ok top of tl 
a (talea, initiiJt, mutt, or oAtr « 
Tery easilj cast in n ' 
tfima of nmsideraUe lengA ne HMdnac* oM te 
f npon the dieets whli vhidi chsrdMt «t oAcr 
Ic bnOdingB are OTerbid. 

Ik joining of piece* of lead pifing Mgelher, or tt s 
Tn, is perfomxd in ibe UUomiag mumv. — Tb 
9, where ihe janctkn » to be cffKtnt, haring btCB 
e biiglit sod dean bjr Deans of • tcnpo', and dca 
ed with ■ little lallav, are tavi^ Wf jufaj, aa4 
or fastened in the podiMm n«*t tOBraiemt far 
sing : the plninber takes in a sMiaU hdle a fmHam 
idted metal, cumpoaed of thtev foviAa da aad MM 
tb lead, and poun it npon Ae pan wbeic the jmih 
is to take place, at the same time holdji^ tnida- it 
i made of ticking, to pierent tbe Itqaid hU», m 
b as posEible, from falling to the gnoad. Tin 
ition is repeated aerenl times, befts* die lead ht- 
» EufEcieDll; heated to cause die tdder in take ; in 
r to facilitate llie efTeft, the workBiao keeps een- 
Jj patting and mOTiof; aboot the Bemi-Anid metal 
Kans of ^e pad ; in doing iriiicb, connderable dex- 
f ia Tcquiied, not only to keep tbe sidder upon tbe 
, but to prevent the hind of the operator fraa 
; bnmt. When adhesion b^;iD3 to take place, it 
cilitaled and completed by the application of Ae 
•A solderii^, or grozing iron, as it is ctUed; a 
r or swelling of the solder is generally left hjmb 
pipe, where the joining ha* taken place, to give 
igtfi and tWeO. Tbe instmmeot generaUjt lued in 
aing, by the plumber, differs from that mostly in 
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Dse b; the brazier, bolh in the shape anil the mit 
for, instead of ihe bit being a piece of copper 
lozenge point, it is of iron, and nearly egg. 
having a handle, with a crook at tbe end, of the 
metal. Id Boldeiing pipes when laid in the ground, 
in other situations in which it is difficult to set 
under side, a small mirror is used, which being 
below the work, enublea the operator to perceive whe* 
the soldering is complete. 

As a good deal of plumber's work has to be perfc 

out of doors, such as the laying and repairing of pipe* 

_, for the conveyance of wale 

have a portable furnace C 
the annexed figure and it 
Bcriplion. 

Fig. 9- A, is a Btimi 
cylinder of cast or rolk 
iron, having a grate at fl 
bottom, and a door, B, i 
the side for the introduc- 
tion of fuel. C, a caBt-iroa 
potcontaining lead or solder, 
is suspended, by meant of ■ 
Ecrewed rod, to the standiid 

D, and may be raised of 

lowered over the fire by the operation of the handle E 
upon the screwed rod. F shows the shape of the sol- 
Windows, in which the glass waa secured by the 
plumber's art, were, formerly, very common in this 
country, not only in the poorer sort of dwellings, but in 
mansions and churches : the glass was BOmetimea very 
thick, of a dull green colour, and usually cut into panes 
of a rhomboids! figure. This method has been a good 
deal practised of late in glazing the windows of the 
churches erected under the directions of his majesty's 
commissionerB. Window lead is drawn in a machine 
called the plumber's vice, and, probably, derived Oii- 
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nthejare caLsd. bsriiif & 
■des, as shovD ia die 
dooed br pasEing Hxc 
nOere, made to vark 
piir of cheeks afExed 
Kction of d^e fr.Wri 
t slip fit for 
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sides of iroD, C D. aboc: sx irnaes H:g^ bul arjiSf^ 
to the bottom plate E, miiai ii 4=311.7 •e'?^^?^ "i "a** 
work bench ; F is the cj/j«iii 3g nf n** twi stsilut 
steel cutters^ abcct the T^-i'Titas nf a idif;mu7 *^^ 
milled on their peT:pbe>Ea. ^zjc "=157 h^-t ^i,* T«rr<-7 
take hold of the lead : drej Lar* fctL** iilum h '.itt 
centre, adapted to tvo axks, ':;:>:c 'Ze sii^} nf viia'^ u^t 
fixed the cog-wheels G az^ H- Tiit slt** :c iiiit n-ri*m 
work nearlv in contact. a=»d tbcir Ci6» cr» ^rji^r^itui zny 
tween the steel dies a e. £xei iz. :i«t ::j:«*r !--.«« '.rf -.Ij* 
uprights^ and hollowed In oztt cir^rta-.c. n u v. c."* 
to the lead the figure shown in iit K-rd.::. B. hrjkr^j: 
views of the cutler and die are sLcw^ 'z~ I K, I: wJll 
at once he seen that, by inserd::z -ie ^i^t 'A vat vi -za 
canes of lead^ and taming the har.i^ L. Uit ce:a. wii. 
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be caught by the cutters, and being, a 

drawn between the sttcl dieb, must be protrudej 

other aide in a state fit for use. The small E 

lead wliioh are BoIJered to tile strips after encliMJ 

glass, for the purpose of being folded upon the si 

t>ars, to give elability to t!ie nindow, i 

die saine machine, bj' means of cutters and dies m 

to the purpose. None but the very beat lead c 

successfully passed through these operations. 

Lead, although fabricated into the vessels nsed ilt 
various arts and manufactured, is not proper for uten^ 
of domestic use ; and disastrous effects have sametimel 
followed its incautious introduction for ihe latter pui* 
pose. A disorder, formerly well known in this countijii 
and called, from the county where it was most preval^ 
" Devonshire colic," was shown by air George Baker, ID 
some papers published in the Philosophical TransaolioiB, 
to be occasioned by the drinking of cyder in which lad 
wag dissolved : the malic acid of the apple-juice eiBrtl 
H powerful chemical action upon the metal, theielqf 
farming the malate of lead, which is a strong poixni 
In consequence of the evils which have occurred, ud 
the promulgation of a knowledge of their cause, dlduf 
or beds of lead for cyder presses have generally tiSsa 
into disuse. The reprehensible use of lead vessels it 
dairies is not altogether discontinued, though it ii wdl 
known that when the milk turns acid, in any conside^ 
able degree, it inevitably dissolves some portion of thil 

Lead may be plated with tin ; but this method il 
rarely practised by manufacturers. Some good examplqi 
of tinned lead pipe were, however, shown at the Gim 
Industrial Esbibition. , 



Lai^ quantities of lead are used in this conntTjil 
the manufacture of shot and bullets, so distinguished W 
the spherical masses are small or large. There are tbief 
convenient methods of producing shot — rolling, casting 
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and granulation : the first U but little resorted to in the 
sense here intended ; the second operation is that by 
means of which the most perfect bullets are generally 
obtained ; and the thirds is that by which the shot of 
eommerce is produced. If lead be drawn out into square 
strips or wire^ and then be cut up^ by means of a knife, 
or by any other instrument, into little cubical sections, 
these may be placed, several scores together, between 
two flat stones, the undermost one lying firm, and the 
upper one admitting of being moved about in every di- . 
lection, and thus rolled into perfect shot To secure 
exact sphericity, the stone must be moved in a sort of 
epicydoidal curve ; for if it be advanced in right lines, 
or were merely spun round, the shot would have a cy- 
lindrical figure : iron plates, or polished stones, may be 
used to give to the shot a smoother and brighter ap- 
pearance. It was by a method analogous to the fore- 
going, that smaU shot was originally manufactured : 
enbes of lead may likewise have an imperfect spherical 
form given to them by shaking them together. We re- 
collect this method being once turned to ingenious ac- 
count by two country forgemen, who were in the habit 
of shooting great numbers of the wild ducks which 
frequented the mill dam : the men used, in the first 
place, to cut up the lead into angular bits of the desired 
size ; these they put into an oblong can of sheet-iron, 
which they fastened to the head of the forge hammer ; 
the latter, by its motion, violentiy shook the contents 
of the can up and down, until the bits within, striking 
against each other in every direction, soon became a very 
efficient, though not very handsome, sort of duck shot. 
Pistol bullets and rifle balls, requiring to be of exact 
size, are generally cast in moulds, one at a time ; swan 
shot, and other like sorts, are cast in a similar manner, 
but several together. Fig. 11. represents a pair of 
moulds for casting swan shot. They consist of 
two sides, A B, about ten inches long each, made of 
brass, and joined by a pin at the end, much in the 
manner of a pair of common nut- cracks ; in the faces of 
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the upper parts, 'which are made to cloee very e. 
coiresponiling hemispherical cavitiea are formed, hayb 
each a httle outlet to the edge. When the n 
cIoEed foe casting, the steel plate C is brought a 
face until it rests against a pin at D ; its row of ci 
sunk perforalioDtexactly lying over the holes in th 
Melted lead is now poured into each hollow throi 
the apertures in the plate ; after which, by < 
or pressing it on the part at E, the castsbles, or tai 
the shot are cut off, and the shot taken out of the m 

Notwithstanding the generally received opinion, 1 
cne principal feature of perfection in a bul' 
ricity, Mr. J. W. Boswell, in an ingenious c 
tion to the Repertory of Arts, recommends the 
halls of the foregoing figures.jlj. U, a, a, as 
adapted to move in a straight line through the : 
those of a globular form, and which necessarily a 
a rotatory motion in their progress through the b 
of the piece, and consequently take a bias in thei 
jeclile direction, determined by their friction t _ 
the right hand side, the left hand side, or the bottom ei 
the barrel. The writer of the paper referred ti 
whose theoretical observations are too long for quot»>^ 
tion, saya, *' I never, before these experiments, practised •] 
shooting at a mark ; and yet, with these bullets, from > 
common [listol, I have often hit a mark ux incfael 
square, at fourteen yards' distance, in the proportion of 1 
seven times out of twelve shots, when I could aot. 
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was tried hora the lower of the church of St. K 

Redcliffe, the cbuich immortalised by Chatterton i 

poeL WattB IB said to have M 

^- '^' his patent to the eminent hoiue jj 

-,^5^. Walkers, Maliby, Parker, and C 

1^^^^ for 10,000/. With this sunstt 

proposed to build a descent 1 

Clifton : the situstioD chose' 

huge rock, and the whole « 

expended in making ekca 

and ill raising inimente w 

founijations, which long \ 

name of M'atta's Folly, and V 

which Trafalgar Place » 

wards erected. 

The specification of the p 
obtained by the tirm above n 
is inserted in the third Tolm 
the Repertory of Arts, fi 
nork it Is here transcril 
with the accompanying 
section, fy. 12., of the I 
building commonly used in 
nufacture of shot. Most i 
to London have noticed t 
towers on the banks of the T 
these are on the south aide oi 
river ; their height is about 1 
feet, affording a fall of abont J 
feet for the shot. The alloy i| 
scribed, in the specification, 
sisting of forty pounds of 
to a Ion of lead, prepared u 
stated, and cost into pigs I 
ready for use. By i 
suitable tackle and chain,— 
only of which, to prevent o< 
in the drawing, is brought isi 
It a a, — ten pigs, of about 1 ^ 
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ire drawn op duoo^ a cnp i^x 'jga ^« aboca^' 
It the top of the tower ; bm tibe ^oei an muegte^ 
put into the eanldroo h^ wk^a x i«aK»fC ipv a 
m furnace, e, hmeath, hmm^ a tnot ftae Mit 
ijy terminated hj an iroa fmmA ■^■■^""r % ^ 
die upper dome, or hmaterm, Wusl ra^t aiUiw m 
, and the acoria y iopei ly liBraMfiy a varsim n^ 
ter is ladled hj the Bicitcr inia a out nf 
er, <f, supported in an mm fnm^: ±JusL 
frnaoe; thu Tcaid ia tvdve «r iHrsaa jbtaisi 
; it haa a handle fike a frjzaii yieL, mut jm 
I is perforated with cncalar ksan. «if a &at ffuuxc 
shot about to be made. Tbe yianrrrr tif Omni 
^ being determined br the e»yp:a:jeia W tiaiirn^ 
shot (which are not ndfestd » OBMCufl Vupw 
or of the mdiinf-nony, a sda 3bw jjaAca l£kK 
netal out of the cu d dio a ibca ife ycrfaf a arf 

in running ihiougt i whESca ii x awwnirmi 
^d and cooled in panng the •cona^ -visdi V9<<ia 
arate it into small pcracfsa. viiES» 3: twUi^aft 
eath the ocrfander at ercrr h9ue a. sud fMnoH. 
instantly drop, and tn t'JJuumvi \n miKj ^Annigut, 
I rapid soeoeanon as to a^;;«ar as a 1:::=]^ <JKJtwjt 

pouring rain of Eqmd k^tct. Thu SieuLut 

is represented in the est e e «. «bd Ula jam, a 
ub of water, /, fil^ei^ wAtrztiaekL Fivsl zut 
pedfic graritr of the fhot, lixj d& zi:n vacsje ':z, 
escent ; and the worioBeo craai ii« Vci^ms fr^ur 

tower, as their bncnf r&^iurefr, i& }«e3i«^ 

r- 

; tower is quadrtngukr, — aaodxr aear Wi£ur>x» 
is round, — and has serenl wiitdwf oo eacii »k^, 
Dted ztgg; kk repe aenl dcforwaj^ iz<e cpptf osit 
into an external gaBerr, 1 1,. wiich. as x£iaT be 
^ oommands an ezieosTe and hig^Jj mieraon^ 
•f London and its subuzbi ; Ir is the stem cf a 
tg-staff. The staircafe. from the bottom to the 
the tower, is of iron, and of great ssabiHtr ; it is 
Died^ q£ course^ as di»»ted in the ef^rmng; 

B 2 
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■he foot plates are of caal-iron, slightly fluted, to 
vent slipping ; and there are square landing-plac 
each corner of the quadrangle, as well as seats fa 
convenience of the weary or the laay ascendants an 
scendanls. There are one or two other towers si 
ill their arrangements, but circular, at no great dia 
from the one here described. There is a rouat 
lofty shot tower near Newcastle-upon-Tjne, fror 
balcony of which the spectator commands an inti 
ing range of prnspect, including the river with ita 
assemblage of colliers and other cratl. 

The various sizes of the shot are distingniihed, b 
manufacturers, by the Nob. 1. toI2.: thelargeit.N 
are called swan shot ; the smallest. No. 13., dust I 
their diameter varying from one-thirtieth to one-f 
of an inch. The shot, when removed out of th( 
are dried by artificial heat, aa they remain wel 
ivater being held between the little spheres b; cap 
attraction ; to dry them, they are scattered over a 
heated iron-plate, having a furnace beneath, on i 
they aie well stirred about, and swept off as so 
dry. After this operation, tbey present a dead 
silvery appearance: tliey contain amongst them 
(ihougli but a small proportion) of imperfect 
which differ somewhat in size from the perfect 
to separate these varieties from one another const 
the next process. The dried shot are taken t 
sifters, who have each the management of a seri 
three or four sievee placed in a row, in a red] 
ling iron frame, which derives its motion from a s 
engine : the movement is effected by a horizont 
volving shaft (near the ceiling of the room), h 
nl the extremity a short crank, from which de 
a rod that is made to rise up and down ; this v( 
rod is attached at ita lower extremity to a lever ( 
rommon bell-crank kind, which is connected t 
frame containing the sieves, and therefore produi 
the latter a reciprocating horizontal motion, 
sieve is also provided with a distinct frame emhi 



Tcmnfereace, with a luge ^oint M •■• Me, «Ud 
eclB it to the genecti fnme. A ^tukj «i Ae ikot 
! tbtoim JDlo Lhe first lier^ that paniaB af ifcfn 
b if smftll enough pMM* tiiraq^ ili ma^tm ; te 
tbit are too large, ore thai itiahMyJ vMa Ac aat 
, b7 turning over the &M oo it* hiigc j*iMt ■■ • 
a mtild open ind throw hkck Ac U tf s hcK. 

odTtntBge of this uTaDgracat will fat i laliM. 
I it ic coiwidered that the *ie«a, faaag MwaSialty 
pid motion, it would be no cm^ naatttr M ikiww 
hot from one into the other, woe tfo)' aftn^ 
mt filling ; whrrrai, bj ifaor «— w «i— , iW Am 
K be discharged olberviae th^ aa JiMiiliJ Th« 
daill on the sifting apparanu liaa thcnlsfe mI; U 
[f Uk first sieve, and to diacbargt the eoHleiti 
CDS to the other sueecamTdj. TW pmbcc of iha 
Irat deves is collected into aepataie faiaa ; and, aa 

sontaio man; shot of imjierfad fan", Aey afs 

thence to another art of operatora, wlw aeyanie 
id from the good, bj' a proceaa eqmUj wapk aad 
laU Those which haTe luit paaud thim^ dte 
ma meves of the series are condemned aa bad, md 
emelled. The laws of cobcdoa determine tlw 
ieitf of the aoiiilifying drops while faUing ; aooi^ 
rer, are piriform, and are called p^-top Aot* 
paiste the tailed ones from those which are pet- 
round, the following ingenioua plan is adopted, 
number of shallow quadrangular xzwyt, the figure 
tich may be detined by the boundary line of a 
I produced by the longitudinal aecboo of the fma- 
o( a cone in the line of its asia, made of hud 
, and perfectly smooth at the bottom, are sun- 
d from the ceiling by cords attached to the two 
rs of the widest ends of the trays, their other, 
xoweat ends, resting upon the edges of a row of 
linft. Thus arranged, a boy, who manages two of 
traya, throve upon each at the widest end (that 
It to him) a small measure-full of shot ; he then 

hold of the traya, and, giving them a gentle 
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vibrating motion laterally, and. at the same time ri 
the vnds a litilc, to give them a slight inclination, h 
causes the shot to roll about, lending from Eide t( 
tliosE that are perfectly spherical making their » 
quickly off the boards into the bin at the extiemitf |E 
while those which are imperfect are detained by thdB" 
comparatively sluggish movements, and, being thus am 
parated from the good, the trays are pushed forwuw 
about a foot, and their contents emptied into other biHM 
placed beyond those containing the good shot. TUW 
operation is so effectiul, that it is difficult to pick i^ 
imperfect shot out of those that come to market Foon 
or five boys thus employed, with two trays to each, 
gufKce for a manufactory of the kind above described^' 
which makes about live tons per day. The smallest sbo^' 
require the utmost care and gentlest mani^ment of ibtH 
inclined plane ; therefore the eldest or steadiest haudFi 
are selected to operate upon them. The next and \Mt' 
part of the business, previous to the shot being baggei^ 
for the market, is to polish them ; for this purpose >' 
cast-iron barrel, holding, perhaps, half a ton weigh^ li- 
nearly Riled with them, and a rotary movement com*! 
municated to it by the engine, which causes all the, 
little spheres to rub against each other, and gives tbem 
a black lustre, materially differing from their previou* 
argentine complexion. It is remarked that a curion, 
effect is produced upon the interior of the cast-iron fair-, 
rel by the friction of the shot, — that of wearing it into' 
a regular series of grooves ; so that s stranger wonld 
suppose the barrel had been cast with a 
Anting. 




h few things pertaining to domnCic 
Bodeni ingenuitj eficted greater innovation than by 
Ae almost aoiveisal ^ut»titutiun of potter's nare far 
pewter among that dasa of the community in who«e 
Imatt metal utenails were very plentiful and common 
I within the memory of peraons altll living. Thv 
period at which vessels of pewter were flrat used in thii 
7, it is imposxible accurately to determine, though 
ihey are undoubtedly of very conaiderable antiquity, 
'if not coeval with the working of our tin and jeail 
. During the reigns of the earlier Tudor monarcha, 
Jilitea of this metal were plentiful in the eculleriea of 
(be better sort of houset ; where, however, the wooden 
trencher waa the ordinary platter, the former being far 
hm valuable to be regarded other than ai silver ware 
would be esteemed by the anme claaa of hou^lieepera in 
Ihe preient day. Indeed, eo late aa the reign of 
Henry VIIl. no small portion of the vesscla of thif 
nobility appear to have been of pewter ; and in the cele- 
brated " Household Booke" of the duke of Northnm- 
beriand of that reign, there is a charge for the hire at 
pewter vesaeU, though the deacription of them is not 
ucertained. Of the same date, we have tlie inventory 
~ a geatlemfta's butlery, comprising " two basin i 
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two eweri of pewter ; one ale pot and two i 
the same ; two dozen of pewter trenchers ; live chargen 
seventeen platters ; two dozen of dishes ; 
sauirere; two porringers ; two plates; a washing bi 
a salte ; and a bottle for water," all of the same n 
Although the Romish liiurch enjoins that, where the 1 
people can afTord it, vessels fur the holy offices of re- 1 
ligioD shall be made of silver, many of these ^ 
merly of pewter; and in protestant communities, u \ 
well in this country as on the continent of Europe, 
especially in Germany, chalices and salvers of pewter 
were common before the introduction of plated and 
Britannia metal wares ; the latter being a compoiuid 
metal analogous to pewter. 

True pewter is a compound of tin and antimony. 
Other metallic ingredients are sometime* employed, ac- 
cording to the will of the manufacturer; as copper, lead, 
zinc, or bisrautli. Dr. Ore says there are three sorts of 
pewter, distinguished by the names of plate, trifle, ami 
ley-pewter. The first was formerly much used for platei ' 
and dishes; of the second are made the pints, qnarti, 
and other measures of beer, so common in London ; and 
of the ley-pewter, wine measures and large vessels ia 
generaL The penterers are anxious to unite in thrir 
wares the greatest degree of hardness with a white or 
silvery colour; and it is this which has led to such > 
diversified use of the above-mentioned ingredients. The 
best sort of pewter consists of seventeen parts of antimony 
to 100 parts of tin. A very silvery -looking metal ia 
composed of 100 parts of tin, eight of antimony, one of 
bismuth, and four of copper ; and ley-pewter eontaina 
much lead. Various objections have, at one time or 
other, been raised against the large intermixture of lead 
or cupper in the composition of culinary utensils. It 
may be slated generally, that the more tin pewter con- 
tains, the better it is undoubtedly ; on the other band, 
it is worse as it contains lead in excess; not, however, 
that any deleterious effects are to he apprehended in the 
latter condition of the alloy as usually exhibited. ln> 
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agent h jwcwd hmm a 
UK, fbnned £iterinrtf W d 
with fire-bricks. 
lir &Dm a pali of htOvwrn ia ifaiBBa b, by la h^ |iV^ 
n u to pas' throagb die '—■■■■c t*^ ^1 ta *^P* 
Ihroogh uodier ircn ^pe aa Ac affoMa afc Abw a 
tbe heated Eiale. T^ pvti M he iJfc aJ. jw '■[ a 
IHtie oU previondf ap^ed la Ai 
■tiGun of hot air nDtil a ihM dip 
them melts and Sovii^ befwoa, ■ 
h^ether. The sohkr a rnm|natJ rffcw |W af hi< 
three parts of tin, and one pan of Ibbh^L IW ha^ 
ntined substance isremaikaUebr Ae^snaM&HlSiy 
which it imparts to the lOoja imm MhiA it iaaiM; if 
d^t parts of bJEiUBtb, fife of lead, ^^ tlace W (ia, im 
ntelted together, the eompoainia «il adt atahot Lm 
212', thetemperttoreof bi~" ~ 

with this allof are told L 
lacquainted ittth iJ 
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put into hot tea. The British manufacture ii 
confined to London ; (he wares are of excellent qu 
made and stamped according to law, and t 
almost every part of the world. Most readers ti 
collect that the late captain Ckpperton menEioi 
while residing at the court of the sultan Bello, in 
his [irovisions were regularly sent to him, from,] 
sultan's table, on pewter diehee with the London si 
and the navigator, captain King, records, with. ( 
BatiafactioD, that, while wintering in the Russian had 
of St. Peter and St. Paul, on the east coaat of F 
chatka, the moat pleasing ideas of home w 
the sight of an old pewter spoon, with the word " 
don " stamped on the back of it. Although the il 
(tuction of cheap and beautiful pottery had largel^ 
perseded the use of expensive pewter ware long I 
die commencement of the present century, it v 
until the war with France had raised the price of fl 
greatly that the pewter dishes disappeared s 
in this country. The pedlar of that period found d 
a convenient exchange for his articles : he, on 
a dwelling where these wares were displayed, — 



"Bew! 



A the ti 



Which fonr 

And alily hinted at (beir want of taste 
Who kept Huch Diajsive lumber for no use ; 
So ooctly tflo, — when chetip. neat, delicate. 
And milk-white eaitben dined tbe neighbouring ^ 
WKDaEwoon, his history, potteries, praise, 
Furaish'd a ready theme: the cunning Jew 
Plied every art of speech and fraudfol trick 
■ ■ ■ loflilile usei 



Till," 



n by argun 



imple . 



Consented — sold, and jiarud w 

Sheet pewter was the first metal used in pkte a 
graving : there were, fonnerly, in the library of the earl 
of- Pembroke, prints by two Florentine artists, FoUaidolo 
and Montegno, who both engraved excluKively upon this 
metal, about I*60. Albert Durer, also, who became 




wood ifld copper, 6nt w twj ght npM pevtK 

connnoe<i to be ahnoW tadniiwly nwJ by ibe a 

of prioied miuic : it pr««eDteil the tmttM n 

tSoa of cbeapneta in getdiq; ap. 

Totting npoQ b^ dw annt, wIm, if 

tbe choncten with m ' 

At etching needle, nmplj |ij 

iq^t across bjr ruling, iiid AtB, by ■ 

indenicd the note* in the metaL A tliiiliiigt tl dii 

Bmhad will acconat for tbe dvivaly esecnk 

ekeip printed moBic. Lalterij, tbe great d 

motical works, BDd aI*o tbe mMhod flf |n ' 

ncten from t^pes, have led to gnal ii 

Pewter is much Died for kpa tail polnkn b^ b^ 
(Una, jewellers, watcfamdcett, and naDj othen. Tk 
metal of pewter plate i> ' * ' 
Duy pewter appear* to 



Zinc h a metal which, i 
detl resembles pewter in exlcmal • 
metallic form the Greeks and B 
bare been uoBrquainled with it 
imder the appcllattoti 
Id them. In China this metal abamdi ; aad, bnaeif, I 
immeiue qaantitiea of tpeUfr were im paeled nt* Ghm I 
Britain, bj the East India Comptnv, dor the mm tt Mr i 
miitufoctures. 

The two principal ( 
Umde : there are other ci 
bi a minerali^cal point of view, bat of no gi 
hngical importance. 

Calamine, or carbnnal« of ei 
masieB, closely adherent mnereliont, and sometuaea in 
ayBtalline farms. It ia, when pure, of a dgO yellow 
colour, but beiog Gommmdy united with a liUle iron, it 
ii more frequently of a reddish brown. Tbe HcDdip 
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Hills in Somersetshire, Matlock in Derbyshire, Alston 
Itloor in Cumberland, «ncl the Lead Hills in Scotland, are 
the localities in which it is found most abundantly in 
these islands. It is extensively spread over difierent 
parts of Europe, the most remarlahle formation being, 
however, the Vieille MontaRne, near Ais-la-Chapelle. 
Large deposits have also been discovered in Americs. 

Blende, the svlpkuret i(f einc, called by the miners, 
from iu eo\o\ir,black Jack, is found abundantly in Corn- 
wall, Cumberland, and Derbyshire. On the c 
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! discovered in Transylvania, Hungary, and the 
anrtz i and in America there are extensive formatioDS 
of this mineral, especially in New Hampshire and New 

The terms by which the carbonate of zinc hag been 
known — such as, lapie ealaminarU, calamine, and 
ealami/ — are derived, as are the names of many similar 
substances, from the Arabic Calaem. The sulphuret of 
Kinc was first called blende — equivalent to ouri/imf, used 
in the meaning of a disguise — by the German miners, 
from its having misled them ; it being often mistaken for 
kad, it was sometimes called pneado-gakna. Before 
the reign of Elizabeth the ores of zinc in this country 
were thought but little of; and even until the end of 
the last century, calamine was taken from Bristol and 
other ports as ballast by Dutch ships. 

Although the ores of zinc have been employed since 
the times of the Romans in the formation of brass, it 
was not until the latter period of the eighteenth century 
that it became generally known tlmt calamine and 
bitrnde were metallic compounds. Bishop Watson, in 
I7S6', says, "in the year 1777, lliey begged me in 
Derbyshire (where they had a little before that time 
begun to save it, the metal) not to divulge the purpose 
to whioh it might be applied." From the volatile na- 
ture of line when exposed to a high temperature, its 
metallic character escaped those most enthusiastic ob- 
), the alchemists, although they appear to have 
frequently employed the ores, and, in all probability, not 
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sncomTROiiIy mistook the yellow menl, bran, formed 
from its combinntion with copper, for gold. 

Margraf, in 1740, is Eaid to have obtained this meul 
from calamine by distillation in cloee ve«aeli. Polt, 
howerer, wrote a diEsertation on xinc in 1741, in which 
he describea the discovery of the eemi-nielal zinc He 
tells m that Hencliel, who wrote in 1737, <aid Einc might 
he obtained from lapis caliminari* by means of phlo* 
glMon, but that be coticealeil the method. Antony Van 
Swab, in 17K, procured the metal from the zinc ores of 
Dalerarlia. Otir own countryman, Dr. Isaac Lawson, 
certainly tlincovered tome process for separating the 
metal zinc from its carbonate about the same time, but 
he does not appear to have made any use of his dia- 
«arery. Mr. Champion of Bristol established the first 
■inc works in England in 1743, and it is wid be re- 
ceiTed hia instructions from tiie Swede, Van Swab. 
Bishop Watson, speaking of his awn knowledge, is very 
pretiaeupon this point. "In the year 1743, Mr. Chara- 
pion obtained a patent for making zinc. About 300 
tons of line are annually made at the place where tiie 
manufactory was first set up, and about seven years ago 
(that is about 1755) zinc beg^ to be made at Henham, 
near Bristol, by James Emerson, who had been many 
years manager of that branch under Mr. Champion and 
his successor in business." The method then adopted 
was the following: — In a circular kind of oven, like a 
gjlaas house furnace, there were placed six pote of about 
four feet eaeh in height, much resembling large oil 
jara in shape; into the bottom of each pot was inserted 
an iron tube, which passed through the floor of the 
furnace into a vessel of water. The pota were filled 
with a mixture of calamine or black Jack and charcoal, 
and the mouth of each was then close stopped with clay. 
The fire being properly applied, the metric vapour of 
the calamine issued through the iron tube, there being 
no other place through which it could escape, and air 
being excluded, it did not take fire, but was condensed 
in small particles in the water, and, being remelted, was 
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formed into ingots, and sent to Birmingban 

name of zinc or spelter. This process has receivedw 

slight, if any, modiii cation. 

The VieiUe Muntagne mines are of a n 
character. The calamine from Aldenbe^, the f 
name of these mines (the " Old Mountain "), h 
worked since 1435 ; but for four centuries it v 
ployed merely as an earth to make brass, as it 1 
known lo contain any metal. These mines are i 
upon part of the Belgian, I'ruBaian, and neutral ti 
ries, between the towns of Aix-la-Chapelle and Vcr 
The Abbe Deny, in 1805, first esUbliahed the smeltii^l 
works which passed into the hands of the MosBelmtn 
family in 1313, and in 16S7 into posaeBsion of the 
company, producing now about 12,000 tons of sine 
annually. Sheets of zinc of different sizes, mouldings, 
and castings in zinc are imported from the company's 
works into England, Zinc plates are perforated in this 
country, and re-exported ; this branch of manufacture 
not being carried on to any extent on tbe continent. 
Ornamental zinc-casting in connection with this com- 
pany, is about to be established in London, 

Rcgnault, in his " Elementary ChemiElty," very mi- 
nutely describes the process of smelling adopted at the 
Vieille Montagne, from which work the following 
portions of his description are translated. 

The mineral, after it has been washed, is burnt in 
kilns like those for burning lime. By this treatment 
the mineral loses the whole of its water, and the iargest 
portion of its carbonic acid. The roasted ore is then 
grotind to powder and sifted through very fine sieves. 
Furnaces of a peculiar kind are' constructed to hold 
forty-two cylindrical retorts made of very refractory 
clay ; these are three feet eight inches in length, and 
six inches in diameter on tbe inside. These are placed 
in the furnace in eight rows raised one above anothei. 
The retorts being properly arranged in the furnace, a 
small charge of ore and charcoal are introduced ; these 
are successively increaseil until, at tbe expiraiiou of three 
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OT four dajs, the apparatus ie in rejiiiUr working order. 
The charge of each furnace consists of IIUO lbs. of 
calamine and 550 lbs. of coaL The chaTging, uEuaU;r 
commeDcing early in the morning, begins with the lower 
tnbes, and as soon as it is tenniuated, the fire it 
creased by raising the damper, and the addition of fresh 
fuel. After a short time lai^ quantities of carbonic 
oijde gas are evolved, which burn with a blue Suae, 
and at ihe expiration of a further period, the briUtancj 
of the pombustion becomes much grwier. At the ex- 
piration of two hours, an assistant holding an iron ladle. 
called a poilon, under the beak of each retort, the smelter 
itvm out with an iron scraper the melted sine which 
accumulates in a liquid state at the shoulder formed by 
Ae juncdon of the clay and cast-iron tubei. This 
melted xinc is covered with a scum of the oxide formed 
by exposure to air ; this is scraped off, and the metal 
poured into moulds forming rectangular. Hat ingots^ 
weighing about 80 lbs. In this way, two charges of 
the furnace are worked off in twenty-four hours, wiuch 
foniieh about 630 lbs. of the metal. 

The Silesian method ia different frotn cither of these; 
but it amounts to a process of distillation, which it is 
■Ml iniportani to describe in the present work. 

The following are (he imports and exports of this 
metal for the last five years, obtained from the returns 
of Hie Board of Trade. 
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! sheet line varies in price from 91/. to 301. per 

Mn. Its present price (January, 1S53) being 25/. per 

Zinc, when cast in a mould, although not absolutely 
without maLeabililyj readily breaks to pieces under tlie 
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hammer when cold, exhibiting a peculiarly briUiut 
fracture: quaiirani;ulBr prisms, apparently eompOBcd of 
GiBsll plates, and dispotied in little bundles, are fonneA 
during the crytt&Uiaatlan of the metal ivhile cooling. It 
is vulgarly aupponed to be an efitorescence of this be 
tiful structure which is exhibited by suspending t, piece 
of zinc in a bottle containing pure water saturated w ' ' 
sugar (acetate) of lead: the real cause, however, ia, that 
the lead is precipitaled upon the Einc, go as (o form that 
brilliant metallic leafage, which has been called, not 
appropriately, arbor plumbi. 

Although zinc, when first cast, thus breaks under 
hammer at the temperature of the atmosphere, on being 
heated to about 312° of Fahrenheit's thermometer, it 
lulmils of being reduced into sheeta, and even into ayery 
teniciona wire, with considerable facility : and, at the 
medium temperature, it is sufficiently brittle to be 
(luced to a powder in the mortar. Zinc, in the form of 
plates, ia the metal generally used in combination willi 
silver or copper pUtes in the formation of galvanic appa- 
ratus, for which purpose it is pectdlarly suited, on account 
of its electrical relatione to the less oxidizable metik. 

In 1&U5, Messrs. UobsoQ and Sylvester obtained ■ 
patent for a method of manufacturing zinc into wir^ 
And into vessels and utensils for culinary and other pur< 
poses. By their process, zinc (which had heretofore 
been called a semi-metal, because not malleable, and 
scarcely capable of extension, by meclianical means, at 
the ordinary temperature of ihe almosphere was rendered 
capable of being extended by hammering, laminating, 
wire-drawing, pressing, stamping, &c., as in the working 
of other metals. The Einc is cast into ingots, or thiek 
plates, in the usual manner, or into cylinders for the 
purpose of making wire. These pieces, when intended 
to be mechanically wrought, are heated in an oven, or 
by any similar contrivance, to ■ temperature between 
the degrees of 210° and 300", or thereabouts, according 
to the scale of Fahrenheit's thermometer. For making 
wire, it is recommended, as most convenient, that the 
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cut cylindov should be extenilEit between grooTed 
ndtere, at the abofe temperature, till their lengthi are 
increaBeil to about four times ; arier which thej niajr 
Ik drawn tbroqgh the nire'pktei nithont farther an- 
nealing. Plates of zinc rolled at the above tempera- 
Ini^ maj be hammered into all the variety of vessels 
Bsually made by the braaier or tinman, care being taken 
b beat the work occasionally during the operation. 
When it is necessary to unite pieces or plates of linc, 
■ (older is used, consisting of two parts tin and ona 
put zinc : or even the commoa glaziera' solder may be 
empbyed. 

in the same year, Mr. Sylvester specified another 
patent fi? applying sheets of linc or spdter for ahetth- 
ing ihips, roofing houses, and lining water-spouts. Pope 
Ud Co., of the Battery works near Bristol (Battery 
vu the name applied to the tnanufaclure of beaten 
fcetil), have also a patent for malleable sine for cover- 
ing buildings, &:c. Dr. ^Vatsl>n, several years ago, de- 
•Klibed the zinc made here, as being " whiter and 
l*%hler than any other, either English or foreign." 
Sac, rolled into large plates, is now a good deal ero- 
idoyed as a subatitute for lead and slates in the covering 
Cf buildings both in Britain and on the Continent. The 
peat advantage of theie plates is their lightness, being 
mly about one-sixth part the weight of lead : besides, 
tbey are not liable t« rust, which is another advantage. 
The ziitced iron alreaily named is more commonly em- 
ployed. It was long thought that vesscds of zinc were 
fivmirable to the obtaining of a superior quantity of 
neam from new milk placed in them, and patents for 
Ipplying the metal to the mantilacture of dairy utensils 
liave been taken out in America, and this country. In 
Ote Transactions of the Society of Arts for 1832, there 
itftcnrions account of some experiments on this suhject, 
together with a description of a vessel for separating 
ueani from milk, and an attempt to account for the 
tSbct produced in this process by the action of the metal 
upon the fluid, by a Mr. Carter, of Nottingham Lodge, 







The annexed cut (Jig. 13.) rep 
3. a four-silled vesiielj 

formed of zinc plates, 
inches longj eight 
wide, and six inchei 
niCh a false bottom, 
one half the depth. 

the lower cooipartiB 
by the lip e, through 
it may be filled or en 
d d is i plate of per 
zinc, with a ring-bs 
s equal to (hat of the false 
upon which it is placed, and the milk, fresh frt 
cow, is immediately poured upon it in theupper 
the vessel ; after standing twelve hours, the under 
to be filled with boiling wal«r by the lid c,- whel 
remaining twelve hours longer, the cream, which i 
EO stiff that it might be lifted off by the fingers 
piece, is coovenienllj removed by gently raisi: 
plate of perforated zinc from the bottom by the 
handles. Mr, Carter, wlio reckons the increase 
quantity of the cream, trom the use of these ves 
12 per cent,, and of butter, at upwards of 1 1 pe: 
as compared with the old method of gatliering, 1 
a conjecture that these results are " owing to a g 
effect." The result has been shown to be due e 
to the heat, the cream being in all respects sim 
the " clotted " cteam of Devonshire. 

Somewhat analogous in composltiou to the fa< 
metals last mentioned, is the celebrated Biddery-i 
,the East Indies, so often noticed by travellers, a 
riving its appellation from Biddery, a large citj 
sixty miles north-west from Hyderabad. Of this 
hookah bottoms, dishes in which betel is hande 
other articles, which the means of the owners 
allow them to obtan of silver, are manufactnl 
Hindoo workmen, not only at the above 




but «lso at Benves. Biddery-wire, iilien iu n 
calcor is brought out, a good deal rofinbln tonie mtu 
ofpewtfT or zinc; but the niiiTea of the Eaat prrfcr to 
t ■ sable hue : they also tala; it with lihret U ibe 
se of niQch labour and iii)(«iutt]t. Dr. Hctw, 
vfao riatted Bidder; about twenty yeara ago, for (fae 
furpDee of obuining infonnation rdatiie to this •are, 
IriiniDi us tliat it is compoaed of copper, l6 oc; itad, 
4tl.i tin, S 01., and to every three ounce* of thii alloy 
|6 01. of spelter are addtd, vbm the metal ii mclud 
ttt lue. To give to the ware iti eiiepmed black colour, 
(lis dipped into a solution of e«1 aminoaitc, nltpevr, 
cocnmon salt, and blue vitrioL 

The tulenague, formerly so important an article of 
CDtninerce belveen the Eait Indies and tfaii country, t* 
tnhite metallic substance, of which the Chinese malie 
Vnulsand candelabra. "Its exact nature," says Malie 
Bma, "is still a problem." Some say that tuetenague 
Ii the name given by the Chinese to linc ; others cod- 
nder that it is an artificial mixture of different metals, 
while the tuleuague of India, according to ihem, is pure 
iinc, without any alloy of lead. .M. de Guignes affirms 
tlitt it IB a native mixtnre of lead and iron peculiar to 
'^na : according to this authority, the prorince of Hoo- 
ding contains a mine which fiunisbes il in great abun- 
itaee. This metal has frequently been confounded with 
flie while copper of China, which is of a different cow- 
^iwition, and not allowed to be carried out of the empire. 
In No. XV. of the Edinburgh Journal, are some obser- 
s on the subject by Sir T. Dick Lsnder, Bart., in 
which he states, on the authority of a friend, employed 
Ibr many years In (be trade between India and China, 
that "the white copper is used by the Chinese them- 
Hl*es ; who are so jealous of pennitiing other nations 
to have it, that its exportation is contraband. In de- 
fijinoe of this, however, considerable quantities of il are 
nauggled out of the country, and introduced into India, 
where it is considered a great present to the Hindoox, &c., 
who make domestic vessels of it. The tutanag, on the 
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conlrarj, is an aiticle of veiy txteneiTe eommerce 1 
tween China and India ; and my friend infoTms me, tl 
it IB sent from China ia Blabs, of which he has had i 
casion to buy and aell many thauGands. The slabs I 
■bout eight or nine inches long, by about Rve and a h 
wide, anil about five eighths thick. Its colour is gicyil 
and it is not malleable, but so brittle that it b even 1 
cessoiy to use coneiderable caution in putting it on sh 
board, to prevent its being broken by one piece atrilc 
against another. The fracture has a glittering Iwl 
and somewhat resembles the appearance exhibited 
that of bad iron ; but the crystalUsation (if ihat t« 
may be employed) is larger. It does not ring, ' 
eroitt a heavy clattering sound. It is employed \)j 
natives of India as an alloy for copper to make brisi 
• their domestic utensils." 

Such was the deEcription of this celebrated toi 
about 1820, until which period the interests of the 
porters had inveated it with as much mystery as [ 
sible ; in that year, however, the British free trat 
introduced German ipelter into India, to compete v 
the Chinese metal, the similar composition of wl 
they had discovered. In 1S26. the importation of 
tanag from China into Calcutta ceased ; and it is i 
totally superseded throughout India by spelter. Of 
latter commodity there were, according to M'CuIli 
exported from British ports, at an average of the tl 
years ending with 1828, lg6,320cwt. of the decli 
value of Q5,00Ql., besides the quantities furnished 
Hamburg, Rotterdam, Antwerp, and other continc 

In 1850 we imported 18,626 tons of zinc, 7, 
tons coming from Prussia, and 7.811 tons from 
Hanseatic Towns. The exports in the same years ' 
1,151 tons of British zinc, and 3,422 Ions of forei| 

In 1851 the imports of zinc rose to 22,986 tons 
these, upwards of 12,000 tans came from Prussia, 
nearly 8000 tons from the Hanseatic T ~ 
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port! during the same year were 1^295 tons of Bridsb 
luie, and 4,258 tons of foreign zinc 

(hide of zinc, or zinc whiter is becoming extensively 
employed in the place of white lead. It is less liable to 
^Kfdouratbn^ and in its production the workmen are 
irid to snfier less than they do in the lead-works from 
fte absorption of the metaL This substance is obtained 
Vj exposing melted zinc to a current of air in properly 
ODitnicted ovens^ which are usually made of fire clay^ 
Hid mudi in the form of a gas retort The zinc com- 
Mnes with the oxygen of the air^ and is driven ofi^ in 
fte form of a dense white smoke — the ** nihil album " 
«f the older alchemists — the " Philosopher's Wool " of 
Ae last of these enthusiasts. It has been said, that the 
pirticles of zinc white are partially transparent^ and 
knee do not cover wood equally weU with white lead. 
This, however^ appears to be dependent upon the method 
tdoptod in its mannfactnret 
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CHAP. vr. 

BRITANNIA METAL, ETC. 



E general disuse of the old pewter v 
:inon in thia countiy, has been followed by U 
troduction of another raetol, io the manufactute of i4 
a degree of ingenuity is constantly diEplayed, ti 
the ancient pewterers were altogether stranger* 
tnndem TQateriat, thebaseof nhichis tin, hasbeenei 
Prince's metal, more commonlj Britannia metal, U 
the workmen white metal. All the alloya knowi 
German silver, nickel silver, albata plate, a ' ' 
metal, may be regarded as varietiee of Britannia b 
It is not only wrought into all the variety of elegant 
useful articles to which silver is applied, but, along nf 
its capability of receiving almost every modificadon 
which that precious metal is susceptible, it alio v 
much reserables it in colour and brilliancy. It J 
sesses also, when quite new, and in some artidei pi 
fine quality, candlesticks in particular, an 
an inezpeiienceil eye might easily, before the I 
became common, have mistaken for silver. The bi 
of this metal, when wrought into a variety of ai 
is not more striking than its cheapnesa in the mftno&e- ' 
tured state is surprising. This latter ciicuraBlance r^ 
suits, independently of the price of the material itself, 
from the estcniive application of machinery, and the 
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Qlreme lightness of bojy with which wires in Britannia 
" t prmiuceil ; a lightness, however, which h 
litraja obuined at the expense of duribihtf, as well ai 
of iispe. A quart wapot, for example, of a m<Ml ele- 
pDt paitera, moualed on four balU, and flourished n 
Bignnng, may be bought in the shops for so trifling a 
IS lliree or four sbiilings ; anil hetie«, nothing is ii 
iDD in an ordinary tea'tabie (liBpli]r, among evei 
llie middle dasBes, as an utensil of this description : am 
iininon is it. in diOK cnses where cheaynes 
lu supervened, to find the article sadly bulgeil and 
Tuped from its original eymtnctry : an effect which 
Ibe hot water therein used, along with the can« 
lifting and placing the pot upon the table, unitedly 
inoduce in a very short time, when it is of auch a 
flimsy make. 

The principal seals of the manufacture of this melal, 
we Sheffield and Birmingham, where its eompodtiou 
md application on a large scale was begun about the 
year 1770, by two individuals of the names of Jessop 
4 Hancock. Its conversion into a great variety of 
.beautiful wares probably gives employment to n 
.than 500 individuals in Sheffield alone. 

The composition of Britannia metal is as foUaws : — 
.^cwL of beat block tin; S8 lbs. martiul regulua 
tntimony ; S lbs. of copper, and 8 lbs. of brass. The 
tUoy of these metale is effected by melting the tin, and 
.laking it to nearly a red heat in a stout cast-iron pc 
Ovngb, and then pouring Into it, first the antimony, and 
■fletwards the copper and brass, from the cruciblt 
which they have been respectively melted, the a 
■meanwhile stirring the mass abont during this operal 
in order that the mixture may be complete. The fusion 
of the whole being completed, by tlie continued appli- 
1 of the fire for a short lime under the pot, the 
liquid melal is, in the next place, transferred therefrom 
.by means of large iron Isdlea, lo the csE ting-boxes, 
.which are composed of cast iron, and give to the metal 
A, into ihem the form of a slab 15 inches long, by 
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6 inches nitle, and 1 inch thick. It h lilrewiBe pi 
other mouldii, forming small ingols, for the ci 
of being ueed in the casting of such ardcles as a 
miide out of the sheet metal. 

In the manufacture of plated articles, and p 
of Buch as are electro- plsted, a, harder metal thad 
above ia required ; and it Is conEidered desirable 1 
a much higher specific gravity than that which u 
belongs to the ordinary Britannia melal. This b 
tained by the introduction of nicltel in additjon H 
other materials. The quantity of nicliel relBtivC 
the other metals is varied by almost every difft 
manufacturer, and a considerable degree of ei 
maintained as to the proportions. 

ThebestGerman silver isstatedj however, lobe compc 
of eight parts of capper, three of nickel, and ihre 
half of zinc. A commoner variety is made of eight pi 
of copper, two of nickel, and four of zinc. The a" 
of commerce is obtained in Saxony, Sweden, NbH 
and in Austria. Hitherto there has not been any 1l 
quantities found in this country : it has been occadOB 
met with in Cornwall, in connection with cobalt ; ' 
from the want of a general knowledge of miner 
there is but little doubt that a large quantity is 
to waste, on (he '■ deads " of the mines. This ii 
to be the case in several localities. A nickelifsl 
pyrites, containing from ten to twelve per c( 
has recently been discovered on the Duke of A^ 
property in the neighbourhood of Inverary in Seo 
It ia also found in the United Stales, and ii 
The process of separating and refining nickel has been ' 
greatly improved of late yeare. The process is k^ 
very secret by the manufacturers, but it is supposed, bf 
those Ijest informed, to be as follows : — The roasted OK, 
or spciss, after being dissolved either in sulphuric or 
hydrochloric acid, to which either nitric acid or nitnte 
of soda has been added, to peroxidise the melab, ia 
placed in large vessels, in which the insoluble matlen 
arc allowed to subsiilo. The clear liquor, after it hn 
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cooled, and the copper and lead hsTC been precipitated 
bf HUphureCted hydrogen, may be deetnied oS; and 
heated by carbonate of lime, in the form of cotntnon 
chalk, by which ihe iron and tracei of cobalt will be 
pieoipitated, nhiUt the greater portian of the cobalt, anil 
ihe whole of the nickel, will remain in solution. After 
die oxide of iron thus precipitated baa subsided, aod lh« 
Kqnor has been again syphoned off, the cobalt may be 
thtown down by saturating the eohition with chlorine 
pt, by the addition of hypochlorite of lime, and then 
id^g carbonate of lime, or carbonate of baryta. The 
llqtioi syphoned from this lolution contains the whole 
of the nickel, which may now be precipitated by ebulli. 
tjon with hydrate of time, and dried and reduced in the 
UntI manner. 

The rolling or flatting of these metaU into sheets for 
tunufaeturing purposes, is prrforuied exactly iii the 
r practieed in the lamination of metals generally, 
, by passing it repeatedly between polished steri 
cyUndera. The metal, although poEEeasing some de- 
gree of hardness, is not Misceptible of being softened or 
umealeil by any process during the operation of rolling; 
and it becomes somewhat shattered or cracked along the 
tdges. To prevent as much as possible this evil, the 
ingot is not rolled croas'way, so as to form a broad or 
Dqiuire sheet, but simply elongated, retaining as nearly 
as posdhle the original breadth. Considerable attention 
itexerciied in keeping it to the exact thickness required ; 
taid for this purpose the gauge is repeatedly applied ; for, 
10 nicely arc the trade prices balanced against the value 
of the metal and the cost of manufacturing, that a very 
slight deviation from Oie proper size may make all the 
difference i>etween profit and loss upon the sale of the 

AldiDUgh, as already stated, almost every arlicie 
-muiaractured in silver has now its counterpart in 
Britannia metal and the other varieties, the greater part 
nf the material used is in the production of candlesticks, 
I, and all kinds of r 
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The feet of cantileiiicks, ami the bodiei 
ir other vessels, when presenting embosecd w 
and of any other than a circular form, are made 
means of dies in nhich ihey sre stamped. IPhen 
shiipe of the article is cylindrical, and ornamented 1 
raised work, it is sometimes stamped in halves wl 
■re afierwards fitted and soldered together, or, it 
globular, it may be stamped in three or more pic 
according to the depth of the work or size of the art 
The machinery of the stamp, and the mode of worl 
it, resembles those employed in the manufactun 
brass and silver, hereafter to be described : there is, h 
ever, one important diSerenoe in favour of the woil 
of Ihe metal now under notice. In the stampini 
brass work, unless the articles happen to be very I 
snd coarse, and in performing the same operation i 
Bilver, and plated metal especially, the dies are not i 
required in almost every instance to be made of ■ 
but the figure of the arude designed by the artisan 
to be cut in them at great labour and expense ; so m 
40, indeed, that the die-sinking, and the metal upon wl 
it is expended, constitute one of the heaviest itemi 
expense in manufactories where the above-named mi 
are wrought. And this expeniUture is greatly enhan 
not by the wearing of the dies when finished, but by 
continual demand for new patterns. The Britai 
metal worker has a readier method. He either fon 
model of his article, when the design is new, or, t 
is more frequently the case, having obtained b 
fashionable silver plated article, he takes it to pic 
»nd from the stampd parts he casts fao-aimilei 
plaster of Paris, and from the matrices ihtu produ 
& counterpart, in rehef, ia moulded by a similar pro 
and of the same material as in the first instance. V 
this model is ultimately cast the die, of fine hard ] 
iron ; and which, after having been got up with em 
and perhaps slightly retouched, to give shatpncse 
some of the lines, with a steel tool, is ready for use. 
ibe mailing of dies for round or oval-shaped artii 



Ibe idDption of ttiii mctbod ii af tot 
iba turning of ibeu at th« 
are. Indeed, lo tractable it 
vben rery thin, thai, in thk tut 
iDiJe of braes, and eTcn of 




Tfae bodies of ihose tM^oM wiikfe ■> of • ghh^ 
Jbrm, or which exhibit ci . - . - 

tK moslly made by a 
tlUed ipinning. In the perlatniag at ll 
power IE general); oied a 
bnt it is rather by great i 
meaDB of inlricale i 
ducei such amazing and npM 1 
tractable aub«tance Dpon wiaA he a 
■pindle, rapidly revolTing m 
fixed a wooden chuck, or Bodel of the pM • 
article to be formed ; or rubs at *d Brndt ttitm wfl 
allow ibe metal to slip off the wood after it has hmm 
■doled upon it. A piece of AcEt Mtnl ■■ CM wtt 
■heart iDto a cirmlar shape, and af dwnc tn^/mttf 
dns is placed against the end af dta » »ol» M g dha^ 
nd (gainst the metal cmtaideb tn'M>c"<*l<'Ut if 

wood, having an indentation in dw 

pin of obtoie form is Bcreved ft 

■ml while it rapidly spin* ro«Bd, dM ■ 

varioaa tools, either of hard wood or •< p 

the &nt place tctj gently, VMil, by a « 

touches, hebendillwplateoi 

ettber cmmpling or laenatat. The a 

wards placed in a tiinilar RMMwr igMH 

■nd the spherical or other fDrm perftctrd. 1 

aiticlet arE partly formed by a stroke b 

to the spinning; in otben, in which ill 

10 ovetiap the modci, the latter is compa 

■o a* to be removable oa the withdrawal of the mU 

fiece, acmewhat in the manner of a boot bat. 

-gcncial, however, vessels intended to be perfectly apl 

tical, are executed only in balTea, or even ranal 

a lime. This manipuIatioQ, ^ke AiU ^A 
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forming a vessel of day on the potter's wbed, wou 
quite beside the reach of an unpracdsed hand, yet t) 
are individualB, who have been long accuBlomed U 
noifc, who can epin twenty doKens of these I 
bodies in a day .' 

The fluli^ work put in obliquely, or at right S) 
to the circular design of many utensiU, and whidi ^ 
at once so greatly to their itrength and beauty, i 
fanned by meanB of a large fiy-press ; one noi 
■pplying the metal between the punch and bosi, ] 
perly formed for making the impression, while s 
keeps swinging backward and forward the wc 
lever arm of the machine. Embo«Ee<l ornaments, 4 
character of elegance little, if at all, inferior t 
displayed on silver plate, are eoinmonly applied t 
superior products of this branch : the practice hMij 
late years, been introduced, of making these c 
of silver stamped in sheet metal exceedingly light. ^ 

In the manufacture of Britannia metal a 
pift solder, consisting of fine tin, alloyed with . 
per cenL of lead, Was formerly always employed; 
Is rolled into sheets, about the thinness of o 
and then cut into dips for the convenience of hddfi 

apphcation. In using this solder, the ei 
the metal, where the joining is to take place, are scraped 
clean, and then smeared with a composition of melted 
n and oil : the flame of a candle is then made to 
flay npon the part, by means of a small blow-pipe, held 
in the mouth of the workman, while he holds the article 
jinder the operation in one hand, and applies the slip of 
solder with the other. When the harder metals, German 
eilver, nickel silver, and the Uke, are em played, a much 
harder solder is used. Extreme caution is required 
jn the management of this affair, especially when tbf 
tnetil is thin, in order to aviud melting the body as well 
as the solder. In general, however, the operation is 
performed with singular ease and rapidity by an expe- 
rienced workman ; and there are few sights more 
.pleasing to a stranger than the method of soldering thi^ 



ft generaU; the number managed by a aingle esster, the 
mrial being left to cool a littlu in the onelast filled while 
lie spoon is removed, by means of a pair of pliefa, from 
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the other: a ahowg the mould as closed Dp and ready 
for the reception of the metal by way of an orifice at tht 
upper end : £ c are the two parts of another mould scr 
paratatl; rf d are handles, hy which the upper part of 
the mould is removed : e e, is an inclined board 6xed 
upon the work bench, near to which the caster aits, and 
■within reach of the metal-pot: / is the ladle, partly 
covered with a lid of sheet iron, which prevents the 
scum or dross from passing in the mould. The metal 
used for this purpose is made much harder than that 
which is rolleii into sheets : the spoons are accordingly 
stiff, and admit of a high polish ; but they are at die 
same time proportionately liable to break, if tient con- 
siderably, though by no means so brittle as to fail with 
ordinary usage. To render their fracture, however, 
next to impossible, the ingenious device has lately been 
hit upon, of casting them with a narrow slip of tinned 
iron along the inside of the shank ; and by means of 
which they are surprisingly strengthened, while the price 
is hardly at all enhanced. After they come from the 
mould they are scraped a httle, stamped with the maker's 
name, and then polist)ed as we see them in the shops for 
sale. Measures, and a number of other articles at 
similar strength and formation, are moulded and cast in 
sand, and afterwards engine turned. It should be ob- 
served, that Britannia metal is not only one of the moat 
tractable of suhstances to worlc from the sheet, as well 
as one that runs moat readily in the moulds ; but it is 
also one that is cut most freely and pleasantly by the tools 
of the turner. 

In getting up articles of this metal, the oil and rosin, 
and other dirt are removed by boiling in water con- 
tEuning soap ; after which the buff, the bru.°h, andt 
lastly, hand -polishing are resorted to. The buff Is ft 
solid trundle of wood eighteen inches, more or less, in 
diameter, and two or three inches in thickness ; it U 
covered on the rim or periphery with a coating of bo5 
or thick soft leather, from whence the name is derived. 
This leather is dressed with sand, mostly brought from 




9' TnBI, md twiiDf ben drinl, tail 
pHNd through a dere, » aftenmd* mixal with oil, in 
ccDBeqoeiice of which it nor only «lhere< to the bufT, 
bnl prodaees s beUer pdisl) (hi the (urfacc of the article, 
nAich ia applied when the bnffit lapidly rfToIring, hy 
a of the machinery to wtuch it is attached. In the 
of those article* lo which from their form the buff" 
M he applied, ta weU u in those parts which exhilit 
Muoped or embosaed work in gcBfral, the hrusli a used. 
Thia brush has a Tmuid body of turned wood, about 
vtiicb the bristlea are hiierled in four or fire rows, and 
formiiig a compact circle about the Kiie of a man's hat- 
aovo. This dreolar brush i< fMiened upon a spindle, 
wbich by means of a pulley is made to reralTe rapidly 
r as the buff: they may, indeed, bv 
ran td the aame spindle as here represented (^. 15.). 
Fig. 15. 



I 




Rue Trent sand, and afterwardi pounded rotten-stone 
' »d (ril, are used in dressing the brush as well as the 
buff; and it will easily be imagined that, from the rapid 
fnolution of both, the stulf which is laid upon them 
fliee off against the workman. This ie so much (he case, 
rod the sand and oil become so mixed with metallic 
[natter, that it is not easy to conceive the black and 
filthy appearance of the persons and dresses of the indi- 
tvIdbIs employed in this department. When the articles 
f»ve undergone these operations, they are boiled in a 
lolation of pearl-ash, and finally hand-brushed ard' 
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hand-polisbed, b^ an applicadon of Roit soap, a litti 

Euid pulverised rotten-stone. It is a singular 

not only [loes there appear to be no substitute for m 

application of these substances by the hand in 

but that it is only a infl band which titn e 

apply them. Hence the hand-polishing of Britai 

metal waiee is performed by females, con^di 

numbers of whom are so employed in tbe large i 

factories at ShefEcld: and the first thing done I 

master, when a woman applies for work i[ 

ment, is to examine the sofUiess and suitabili^ of 11 

There we BBTeral considerable establishments fW 
manufacture of Britannia metal w 
also in Birmingham. Mr. Vickers, of the forroern] 
the son of an individual who has been cansideied 4J 
the founder of the trade, is well known for the t 
of his goods : as are also the MesGrs. Dixon and S 
whose concern, called "Cornish Sloce," is certainljl 
most complete and extensive in the world. In addq 
to the agency of a powerful steam-engine, this i 
employs from 300 to 400 workpeople on the pre 
where every operation, from the smelting of the n 
used in the composition of the metal, to the cnttina 
of timber into the handles and knobs of teapot^ I 
be witnessed ii 

This description applies in all its generality t 
manufacture of articles for electro-plating ; but r 
«nd forks are now usually formed by being cut o 
sheets of German or nickel silver by a preai; ' 
ornamentation being produced by a die and stamp. 

In the chapter devoted to the electrotype, the fiirthtt 
uses of these metals will be detailed. 
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or ZKAxnmBCPS bsvicb bt acninuoii or bich 

AMUItm, BBTRIAir BUBOGLTrmCI STAMrCD. CRIXEsE 

■0CK rUJnEDEC — KVe&ATKD AJTD FTULI TTm IKTBVTKn 

DT xnumL^FArv aitd •cboutebl. — vtacumoir op 
tiKLT rrras. — tmomscnms or tauoci soars. — miLUAM 

CAHOV AJCB WTSKIV SS WOOKDB. WILUAM CASLOK. 

UflcxaviLLx JOHsr oorxab. — rm fouvdikg. — MorLns 

nut CAnuic. — tbx mateix. — irrs mxtal. — rmocmss or 

CARUra. B&EHUIG TBX LETTJEEft. — ZTAUC AKD SCUrT. 

lAiflS uatwMM. — oTTEicnox or sruuLorrrc. — ADVANTAcrs 
or fRSBorrniio. — mcthod or mocldiko akd cAtnMc ths 
ruxBk — rKKTAUsrc tbkm roa ruxriXG, &c 

Tn ait of impressiiig one gabsUnce with another, 
figured in mch a manner as to transfer a fac-simile of 
tbe icolptored part^ is undonbtedlj of very high anti- 
qnitj. The engraved gems of the Egyptians, Gnvks, 
ind Romans, and the signets of the Hebrews, were con- 
triyances for this porpoae^ to say nothing of the varioiiA 
descriptions of mould stamps for ornamenting difforoiit 
trdcla^ with wiiich they appear to have been well ac- 
quainted. What analogy diese might bear to the metal 
printing punches now in use, we are not particularly 
informed ; though the ancient Egyptians are suppoik^d 
to have been acquainted with these or similar tools ; for, 
in an elaborate description of the opening of a mummy 
case, before the Leeds Philosophical Society in IH'iH, 
the writer, after mentioning that the face and head were 
overlaid by a piece of red leather divided into three 
straps, adds, — '^ the figures and hieroglyphics upon 
this ornament are evidently the impressions of heated 
metal types," The knowledge, however, of the art of 
engraving and of producing copies by means of impres- 
sions, whatever may have been the extent or pti- 

VOL. UI. K 



feclion lo wliich it was carried by the people i] 
nameil, appears never to have led them la think tj 
applying any of their contrivances in aid of iiteratd 
To the Chinese belong the inventioD of tnultirip 
hooka by this method, or by the proceaa called ( 
printing ; which ia said to have been found onl^ 
practised in ttie celestial empire, at least before tl 
1000 of the Christian era, 

A variety of opinions have been entertained byfi 
ent writers on the subject, as to the time when, a 
whom, the art of priming was introduced ii 
and more especially as regards the invenCiot 
fusile types ; an invention justly considered of m IB 
importance, that its merit has been claimed for at 
as many cidea as contested the honour of having ^ 
the birthplace of Homer. It appears that the ei ' 
attempts at European printing — but whether fi 
Germany or in Holland is disputed — were made H 
wooden blocks, about the year 1440. To thew W 
Bucceeded letters separately cut in wood, which H 
Irantposable into new combinations after each pigelA 
been printed off, in the same manner as on 
types. Booltg printed with these characters ai 
tant, and are distinguishable by the difierence in the il 
and shape of similar letters. To engrave the letlai4 
bits of brass or other metal was uo obvious improveinll 
actually adopted ; it was soon, however, superseded 'B 
the discovery of a method of casting the types of If 
which was brought to comparative perfection abontQ 
year 14S0, by John Faust, of Mentz, a. considen' 
city on the Rhine. 

Tt would be out of place here to enter a 
those disputes which have taken place among the I 
relative to the diversified claims of the earliest priOtl 
as principals or participants in this valuable diaeo'' 
Peter Schoeffcr, who became ihe son-in-law of Fu 
Mid to have effected considerable improvemeitta iwii 
making of punches and matrices ; and pBrticii]ad<fH 
diseovernfr a new mixture, mucii better adapted ftiT'li 




tKOiif of tTpd ikaB fijc KTi 7rii;j-: -Sv I'id rrii ■;■■.>; v 
nwd. TbE nr« ty^rt • =rs riii ^:- !.■.' :,-. r,^:i,l,,.- ..- 
ancb ai posxilJe tie rfifacifrs ubfJ Vt ;hi- *.■^.^s^]f■J^ 
'•(tllU thne ; ukI npiM diu dimmtuiif^ hi>, {.irobablj, 
'km fbimded the Movy cf Futu'i •diinic the 6nt prinied 
~" ~ ' I «MS is P«m, and of hii being 

vilh "■"p'', in prednciii^ them h> rapidljt, m 
id so exaetlf alike. Ti>e limiUriij M the 
of the liine «u much fafouicd by 
that all the capital letten were left ra 
with the pen, and beantified b; the pn>- 
ination practised bjr the ingenious artitla 
books then known, 
ions of types possessed b; the Sm printers 
Anm including even the necessary larietica for 
purpoEes, io that abbreviations iu spelling, and 
len to be filled up with the pen, wereTer; commoa 
in the earliest printed books ; Greek characters, particu- 
llriy, were of much later introduction than the ori^nal 
ibnle types, which were a rude Gothic mixed with the 
letler called Secretary, The first points used were only 
tbe cdon and the full st«p, as still retained in sonie old 
Tmons of the Psalms ; the appearance of the hyphen, 
where words are divided at the end of lines, and even 
the spacing out of the lines themselves to an equal 
length, are indications of improvement In tlie art. An 
intennixture of rubrics or red letters was comnioii at 
tn early period. 

Printing was carried to Borne in 1466, in the time of 
I pope Paul II., and that pon tiff liberally encouragcil ihu 
rpnnters, who prepared under his auspices the first ele- 
\giuit round Roman character : they also invented such a 
|Tatiety of spaces as tept a uniform distance between 
'the words ; an arrangement to which hut little attention 
•had before been paid. Venice became noted at an early 
.period for the beauty of the Gothic types used by th* 
.printers settled in that city ; hence their books, and 
'«veii some that were surreptitbus, were recommendeil 
10 the reader as printed cliuravterihui VenHianit, witli 
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Venetian types. The chdraiMer now called Ilaiia ft 
invented by AJdus, a famous Venetian printeii i 
called from bim Aidine, or CurHvua and Canailart\ 
it was used in printing quotations, until eet aside in t 
resjiect by cbe double commas, or Gutliemets, ai 
veie at first called, after their inventor, a French p 
of that name. Before the year 1470 the K 
duced into France ; and the Parisian printers obtiinri 
an early reputation for the beauty of their typea, a 
as for the fineness aui! correctness of their impreniail 
Some of their earlier works were in a style 
the writing of the time ; but such as was done (rii 
maiiii, as Aldus expresses it) with a heavy handi 
French set the example of adorning printed books'* 
curious cuts, head and tail pieces, initial letters, r 
and other emlielUshments of that nature ; the giat 
number of Bibles and church books printed by tbeo^ 
affording a wiile scope for the exercise of their ingtnni^ 
in this particular. It will easily be conceived iha^ in 
the infancy of the art, the cutting of steel punches tS 
be used in sinking the matrices for casting the letteH 
would depend, for the excellency of its performance 
upon the skill of the engraver ; the goldsmiths wcR 
often the most expert in this line, and hence some d 
the most beautiful of the early founts of letters are be- 
lieved to have been executed b; them. The Cennlnii, 
father and sonE, who first set up printing in FIorenc«i 
were goldEiniths, and cut the punches which were the 
originals of the types used by them. The first Hebieir 
characters were cast and used by the Jews, at Sondno, 
near Milan, soon after the year 1484. 

In \52Q, a very curious and elaborate work «H 
liublished in Paris, by the author, Godfrey Tory, ■ 
famous printer and bookseUer of Bourges, endlled 
" CaAH-pLifUBT, auqael eat conlenu le Art el SekittI 
tie la deue el vraye proportion des Letlres Antiques, ft/eS 
dil aulroment Lellrei antiques, et vulgairement, LettrV 
Romaineg, proporrioTtiei: selon. le corps et visage humain.' 
Iji this singular production the author endeavouw, ai 



udiog to die t)t]e-p^(«, to denMoMiMc the Aw ft9- 
fmka of VttUrt from tboae of a hHBaa hoij tmd bee. 
The tn of printing is genenDj allowed u hate boa 
bought iDlo England abotu dw jtar IVJO, hf WiBm^ 
Cnimi, wbo aet np ttii pmaa aad noil J •■ hi* wftr- 
tlioni in the dU almoiuy <rf WcsnuDCMr Alihj, vhese 
be printed a great nainber of faoofai, rsKnitiiag Ae i»- 
haejr of the tjpognphic an. H r. llallaM. h u ■ *»« ■, 
iiima for Casion an earlier da(e than that hoc aaagM^ 
b hw " Literscure of Europe " be aa j« : — " Bm Aefe 
HDu to be unqaestionable proaifa that a Mill cwGer 
ipedtneo of typc^raph; i* doe U> an Ed^JmIi ptleier, 
he famoUB Caiton. Hii * Beeneil dn Hiiunna da 
IVojre ' appears lo ba*e been priaied dwing th« Efr of 
nulipi duke of Burgundy, aad uiaN<.i|iM.udj faefinc 
lone Idlh, 1467." Tbe types «A wUdi ilua aatwn 
nan printed were peculiu, being that tnutue cf the 
Secretary and Gothic shape alteadyneatiaacd; dwrfa^ 
lut kooiTii among printera •• gnat paiam-. Hc tmt 
Pider him several excelleat ww i ine B , f lli«liil| 
fTjmkin de Woorde, a DatcfamaB, and RKAairi PfaM^ 
I dtixen of London ; both of wbcan afteraatdi te^M* 
Kinlera of reputation. Whether or not Ctelia caaC faia 
wn types, may be doubled ; m he tmaalj impantd 
the art fiom abroad, ao be might alaa the Matttiab, 
•rhich he never altered or iatpnntd; on the other hand, 
the founding of types was at that eai)j period a thief 
feature of the ekill and credit of the pra ctia er* of the 
recent inyention. Of WynLin de Woonle, vbo grttdj 
Improved the art, ne are ti^ that, on aettii^ np Ibr 
himaelf, hia first care was to cut a new set of pnacfae*, 
irhich be sank info matricea, and cart thonrftan feroal 
aorta of printing letter, which he lAenrardf naed. 
Palmer mentions a singular circnnMaiiee, which fadimd 
liiin to think this celebrated printer was alao hi* o«a 
letter-founder; namely, that in aome of hi* fint priMcd 
bodu, the letter he made uie of (great primer and Iwo- 
liue great primer blaek} ii the tctj aante ■• that " tucd 
bf all the printers is London to ihia day" (1730). 
K 3 
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Palmer adds his belief that these letters 
tually cast from matrices struck hy the punches of 
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^Voorde, who waa the first Eiiglifih printer 
■works we find the Roman letter, which he used w 
his hiack, or Gothic, to distinguish anything n 
as we iotermix Tlalie with the Roman. The Sw 
English, or black letter, used by printers in thjs con 
in the beginniDg of the sixteenth century, was impo 
as were also other sorts, chiefly from Holland, 

William Cualon, who died in 1766, holds a priiid^ 
place in the highest rank of English type-founders. E 
was bred to the original occupation of the celebntd| 
Hogarth, namely, an engraver of e 
barrels, from which he proceeded lo the manufacCUMS 
tools for bookbinders ; and thence, by mn easy step^il 
eot^unctiun with the fortunate notice and ei 
of Bowyer, the celebrated printer, to the catting i 
letters on steel for making matrices to cast types. Vt 
Tioua to the time of this first-rate artist and worthy dh| 
English typography was indebted to Holland for mU 
of its characIerE ; but such were the elegant, and inda 
almost perfect, specimens of the art which Caslon {R 
duced, that the types cast at the foundery in 
Street were not only exported to the continentj bill 
hardly surpassed in any part of the world. 

The eccentric John Baskerville, of Birmingham, wl 
died in 1775, distinguished himself by various impron'; 
ments in printing and type founding. His letters vteW. 
particularly fine and sharp ; their beauty, t 
ofF in his own office by the use of excellent ink, tiA 
paper of the best quality, so that the works printed 1? 
him fetch high prices. It is a somewhat c ' 
that, after the death of this individual, his widow, nol 
meeting either with sufficient patronage ti 
foundery, or with a purchaser of the eoi 
country, sold the types to a literary society in Plrih [ 
where they were used iu printing a splendid edition of | 
the works of Voltaire. 

The French have Co boast the works of an improvtf 
of their typography, of no less celebrity than ottrcounttj- 



principles, and heuc^ ::.*• r v-i: •• . :.• .* • •., - 
pf devised and perfecjfi *.:•* r-i^-.-i/' !i-v ;*!•;• • 
d, oiF printing mui^f-kL ..i*-! <'i'. • :;i:*.i- — i ■• 
he also succeeded il i'.rr rj: — :»-• i»'f»;'-' 
nese characten, irL'ci ::t'. i'.'* r >•" • *--' ■*" 
His founderv cc-lhl :i*:i -▼*-■•• 'i..--,..'.-- ^ .• 
sd from thirtv to I:t:t T'^i.nn-i .'''• ' 
man and contewponr} . "rw iJ.*'T 'sm >::. /> 1/ 
fection of his trpet. 

823 M. Lonis Jcia P'.iu*-i.-* Vi'»i •ii'- i4fi>— . 
three kingdoms, iw k 31*1:1 u- '•f •>*'■■ ^-i • «^ 
ng of a moold f<frnii:Z in t *r.m •,i:v^.:t'r. -/ r*^ 
ith grooTes a&d iziKiraWL, nwri'--* v » <*art:** ^;»* 
of iron upon a vsvitf "rnvji^n. vni»:i #-'• « >^*" 
g a heaTT laacxxitT; ^i ^kL Uinr* ?7fi« U* *;*•/>#!' 
purpose of forc^ t yvr^'.n u' ♦,;«• ^tv.* ■.•>^ 
Trhicb bad bees z*VLf*K inr. ir' « ^'V /.f^ ;,>. 
cle between the «:ui* i«f cut rrv-^ ^s^-* r?-^*" 
z the moioid cf a unarioft '">* titvmfj w^ 
es inu> the g7v:n«i aui, lUR-i'-^ ^^ivti*^ ^^ t^ 
e end of ibe jEr>i?»«i ▼!*?»* ij^ i^^*" -«■/' **-* 
etter are ca:!!. Bt 'Siui mfutnr.v #11^}/ ;/ v-y-. 
r cast at c^* {^tfsndux. imt ii^ '>&?'./ -j j^^-s^i^* 

ie for iilft. i::«i "Sut jr-nry?-j i>':'i-.ii'i . ,, ^- -^^ 
zz ». H3iz.:xgi yr^'Jtr ii. T'stwrit^ ;/-.-.*^--...' *^'-' •/ 
: iLc salii :f W- ?wi!Ju<» 4 -v*^'. / ■ /*-*" •^•^ ■ 
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(rehted to Mr.Blake of the firm of Blake and StepheM 
type-founders at Sheffielii), was employed bj the n 
founderE W negotiate with M. Pouchee for the 
of [he macluDe, nrtiich was effected for about lOOk ' 
machine was conveyed to Meeers. Caslon and I> 
and d^troyeil, on which condition it was 
There was included in this pwchaae a Taluable plii 
machine, and cioas-cutting tnacliine for c 
grooves. It was the invention of M. H. Didot, to ii 
M. Pouchee paid 4S,000 franca for the patent li ' 
England. 

lu 1806 M. Fiimin Didot invented the sloping id 
with a salient and returning angle, and, hy ai 
division of the letters of the alphabet, and their vi 
combinations, succeeded in imitating English 1 
writing, and in completely doing away with the inj 
venience of leaving the separation between each h' 
visible. M. Henry Didot about the same ti 
the compressing mould, and afterwards the mould « 
he named polyamalppe, by means of which 140 It 
are cast at once. In 18-1:4 M. MarcetUn Legra 
hibited in Paris a series of 4600 punches and th 
number of matrices, for the purpose of reproduc 
the signs representing the words of the Chinese langt 
Many similar aitempta have since been ma<~ 
Mr. William M. Johnson took out a patent for ■ 
chine for casting type, by which be was enabled tt 
a sharper outline and better face to the letter, hy a 
a pump to force the hquid metal into the mou' ~ 
improvements have been made upon this plan 
three times the quantity of type is produced by a Q 
in a day, than formerly with the best modes of foun^ 
and five times the quantity which was produced V 
handmould half a ceotury ago. 

The principal type founderiea are in London, 1 
burgh, Glasgow, and Sheffietd : the reputed e 
menl of Blake. Stephenson, and Co,, of the Istl 
having originated, many years ago, in the pur 
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of the celebtateit Caslon, 



r. m: 



lie operanomi r 



Id ; 3. cn-ninir ae Tunicus . tr-in;r 

lixinf? aaii Tifxmg at- thsa. 

Jog cLe Jeserib. T'lcr thikjc j. . '^^' •*- - — . 

s, becwees. -rma a«- -rrtK xr- r— aa • sat 
on; bu: -ais^ «t» T-n*fSE3r*ft7- ri#-H^ x »<^ 
S which, r^fuiifr nt: -v^iw* sn-''c^:««-r x ^^^i. j 
e saizLe '3Xa£ rr'rvr::- zat 2iEua rnn. ro:: i^ 



ireadT *-wt»»' l'.'tikisb c tv. 3ir*i- 1 




^roc^T-T ••Atei *uBP?c«t I f^jusr- :.iz-.-»^— tjr**-" 

-r.-rp zryj^t*. »a«L ail*« jaxi-ir «... -r :->- -^ 
i of t2«* Hji'iLil v» fiutfe MAU*fWier. » i'*^- -* ^^ 
of ihe IfTtar na^ :* r»rtJiLrT»n ez:*.'.rr' -r jtf'*-^ -^ 
ler wcrdi. -' Bit-* itL .Kfnsri v i:**- **?^^ if-cr • 
an t to LI. IK. T» t*fHnr Mr-i v' itfc ru^-- ' 
ins ciired: — f-pt. '.'. :*- t. e ^x« 
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the -wood, to nhich all the other purU are fastened, by 
means of an iDtermediaU plate of iron; c, the gauge j 
d, the mouth and throat ; e, die register ; /, ihe nick J 
g, the groove; A, the hag; <', the stool; It, the spdng 
(H- bow; m, the matrix. 

The utmost attention and skill are required to enEUie 
perfect accuracy in the filling of every part of the moub^ 
and pSTticularl; that the letters may come out eKLCtly 
square, and tlie faces stand at perfectly right angles wUU 
the sides ; without which Ihcy would neither admit of 
being composed for use without starting when wedged 
together in pages, nor woHld ihey form, en tnaete, dial 
abaolutely even surface, so essential in good printil^ 
Thesccuringof these ends is called juBtifyiiJg themonlilj 
and during the operation, a number of trial letteH 04 
cast, and examined by a variety of delicate measaie> 
■nents, uutil their perfect accuracy is ascertained. 

The next business is to prepare the mairix, or tin! 
part from which the ligure or letter on the end of ead 
type is immediately derived, and upon the [lerfection (ri 
which, therefore, the beauty or otherwise of the lelUi 
exclusively depends. The original of every letter is i 
steel punch, the execution of the figured end of which IC' 
quires peculiar delicacy in the apf^cation of the vaiioDI 
small files, punches, and gravers employed. The font 
of the letter is, in the first place, delineated cither witt 
a pen and ink, or, when very minute, with the point ol 
a needle; the interstices being afterwards cot out, ani 
the outer parts filed away, leaving oniy the characlei 
itself in relief on the steel. Great nicety is required 
to develope the letter properly and wiih exact symmetrj 
of all its parts, so as that the removal of the snperflnoul 
metal should not be too inconsiderable or overmucli; il 
the latter, the type will not wear well ; if the former, il 
■will not print clearly, but give a blurred impression. 

When the punch is cul, tempered, and found perfect, 
the next thing done is to strike the matrix. The matris 
is a piece of copper, about an inch and a iialf long, and 
of a breadth proportionate to llie size of the letter it 14 
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inm "tiir 

■n i irnr.^y 'jrr" zr.-. 

to the form nzr^amucsi "tie 
Uging from att iTMracon ir 
cross nicks cc: aisar -iie -sui -ar^ar* -me. Zt*- n-:-^.*-- -. 
which is aftersiT'tif «ijcixi'^ jirr.if^. "^ ^..r^. £.: 
BWtrix being zi^ss jrmnmn'si. -a^- «^ -rstfr- .-r :*- i*-^. 
The meul T^hst if tie '^:T*r j-niivr j » r-*: -4». ..ti, 
consisting Ant'ij ic Jeait bui ■p-n'm r ztzjiut - * i. 
tlittletin, iz>i ntneizmtii iraw iicr-s^-rffr-u "-- r ^ 
ol^ject of mixnrs ji 11 \nain yr'rr 
the amntensor: ^if Cus saor:: c^ r:? 
perfect; morw^'sr. *2iac -ae j*racr r: 
to wetr welL azit foaii n tusr 
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the same tLne ifeenmins' ir3>' t r-a^. i. v^^r ■■ «. 
hreak sooner dua leuL Tit n^i*r.\rr--. x^r n :l.j9- 
ofthemetiL ^ir^tr ji uifi»r*nr '■x^i^.je.r^r -i. c: ^ 
general] V tc^*: kstk. -ae lais^ vrr^r^j-^^ tr. .-. r.iur 
twenty para :"f la-annn- bxii -•ssrr .- /»r r-#^.. i 

take place ^ %rai3 tuaoiifc. mi^?- rif- :Ljrj»rr'.::T . -^ 
principiL wbes. dxe iukil m -m nn. tzj^ .-^s::-i a. 
afterwards sen*: lun "n ■ae Virxa^r: « u*r las »:« • 
it. It is d-iii*: f.:r ir« Ji 1 *r^ tar-^.-.?. .t ♦r .-. 
brickwork *i 1 r:c-**nii=nc ifranr. act :.#- :•?- r ---^ 
CiOceti. tha: Tbt w.riawo ji as irr:*- •« VMi.jf j •.:•-' 
bv the L*a: aziii finw^i- Ti* uxzr.-^r .• : *-•- . . -^^s* 

In prctt^ilz;!? *: aafi 3i»t wr.riji: -^ ^ '.^ -• 
parts of 'Ijt 'Zjjrjji i»pt \\ ;; * . ^^j* . -i^-. :: :-*fr-. *- 
frtber, the sairt -r irrjiit »sixr." iv... ::> r.^-"- ; a 
each sfdfr rei^it-n. "»*■-! in. -nr.ci-*' r.«> r *<■ ^•. : * 
ir.idr.le cf ^ "zj-slsi. •3rrwj#initi::.'i ■.«. :>- ':u^.-s€. •>.- • 
cf the Itner. \zii Lar. iiynn*r-njr •-l-«-.-. ; '.. ::* .-.• ,.• t- 
ticn ca die r^aiirj w. "nua .a 3*rrin j « -r-^ .j^j<r. 
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by Hie register «, Hnd kept steadily in iU place by i 
end of the spring A, being brought to tbe groove infl 
outside of the matrix, and pressing against i( 
the mould firmly in his left hand, he tikes from 1 
iron poi, by means of a small ladle in bis right tiana 
much metal as will Euffice to cast the letter and, 1 
that, nearly to fill the tbroai or funnel d d. 1 
Btant the workman has poured the metal Into the 
he gives it a peculiar jerk or heave upwards, in i 
expel in some degree the air, and drive the metal i 
into the matrix. A great improvement has of late yi 
been introduced into this department ; instead of ■ 
open metal pot and the ladle, and the heaving just.^ 
Bcrihed, a close pot is used, in the cover 
filed a small iron forcing pump, with spout and bi 
overlaying the margin of the vessel. By means d M 
contrivance the work is amaringly expei3ited ; a a 
depression of the handle forces a jet of the i 
metal through the proper orifice, to which the moi 
the mould is apphed, the entire operation being 4 
momentary. By removing the spring, the i 
just drawn from the letter, which, on separating the 
parts of the mould, is thrown out to the heap c 
work-bench. A single workman will cast 3000 or SOOO 
tetters In a day. 

In this state, each letter has a taper piece of metal or 
castable attached, which has been formed in the throat 
of the mould : these are carefully broken off by boys, 
after which the letters are ready for the further dressing. 
A boy, having his forefinger defended by a little cap of 
kather, takes up the types one by one, and with Bin- 
gular rapidity rubs them on bath sides upon a stone or 
smooth flat file laid on the board : they are then placed 
aide by side in long sticks or rulers, which on b«ng 
firmly screwed together, the types form a soUd series, 
and are easily smoothed on their edges, by passing over 
them a scraping tool similar in form to a razor blade. 
In these dressing sticks they are likewise bearded and 
grooved, as the operations are called : the first c 



CUP. 




Bees flT ns |iiiiiwsiik of 

■NK f OODli of 



ofi£se«if jBOoc wnift n. tet 

■one of likem «rf: xd a. nn^rtei vocuul 

■DDK- HTK. *iilwT semtc Mezyr^. i: «-Uf«r 
iif out triPt fiSKua- rr»?" t*»* :■ Ti#r- r 
uodbff ,. » ibcr ibL of tK laii'. . sil xs«: vau r ?i»> 
/: ibeat rwuin crtmer art n t:»t ctrmzih T . ik^ 
vine «Ett c^cniTT i£ tbt lomuir & «?u*r! o lli opt. 
betvees viud::,. ol asemnr of tiKr ii.'C..-2icl:.«l i- wr.r^ 
log pots, tbe Bp«Dt wmut k nniE:u?r£X»t u<i^i- r li 
iR caR to^i'dic a» ^ .C /. ji wEj- 
rocLu f iikf uwL CHK vitt n*: ::-i«r- :**- , ..-r**- 
ben: bfcd:*"E-X- it aluiv ir la it^.z:iz -j: :: zj^ ft 
gQjir TST- It Hit jsm*** aurt iftt:-. _•■ znt «..jr. 
is c&PC to reKmtiH: v-'iuuc tut iiiC.::iiL.i *: • i«-^- *7 
the dtaThc:en it w CfmaiOKBUK:. «> u r:r;u/r- » -.'.rr'- 
spondiiig der^iiDE fruiL tu Rfnsximiu' icrr: i: !>» 
body of die *ypt- Heuot.. » mnir^-rrv. fcrr-^ry: .,• •> 

Trjfrtftl formirrc tiit worae »1^'J-^^tT > r. -i^i «> 
peir ifrr ci5*rr»^l fhm ixdc: v. lut Htn»* nnr'j .t-j?:- 

Ae X'Ai rrmbJe of BecxDr ui/ cr nmnfMiur t-::i r-x^^s^ 
of the former debcripuuL it uiucl {:n»ur t::aT v i:i :ij. 
comiaoa Mm, » p%i: irapn^eiiKii: xiw u»i« uiirt/fiu'.?rt. 
by castlDg Bcripi un » itgnsTfr tiucy. k b* ii aiii/r m* 
beiog 6et up by the ctnujicNiiurt ▼':il iim; usud. i*c.::-* 
Besides the Inters ilkisziKsi^ft. Tit*:x:u, tii:ur*r&. h\w:^^ 
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quailrats, &c. are castof sizes (o coirespond ; a 
seriea of these being called h fount, 

Tlie very large letters, impressions from \i 
frequently see in pluDariis, were formerly ealled a 
letters, from their having originally been mouldedi| 
cast in ssiid. A method, however, of casting tJ 
metal moulils in a similar manner to that whiehia 
liseJ with the smaller sorts, was devised by thelsl^ 
W. Caslon, and is now adopted in all tyjie foun " 
The matrices for these targe characters are not m 
striking with punches, as above described, bat bjr.fl 
ting the design of tbe letter quite through i 
brass about a quarter of an inch thick, and then c 
rivetting it upon a back plaie of tlie same metaL 
mould also, instead of being held in the band whi 
metal U poured in, is attached Co two iron rodi, J 
placed during the casting over brackets on tUe 
bench. Picture letters, when large, as well as > 
variety of cuts used upon posting bills and olheA 
are cast in plaster-moulds by the process afterwan" 
Kcribed. The largest black-face letters are probiSQ 
those in occasional use by tbe EngUsh printers : a fount " 
of the smallest letters known, lias been executed L 
France by M. Henry Didot, called microscopic, and usei 
for printing the works of Horace and some other books. 
It need scarcely be added that, between the ti 
of size just ntentioned, the types i. 
graduated to the closest degrees at variatioa, and ate 
distinguished in the trade by a corresponding diversltf 
of appellations. 

As immediately connected with this subject, must now 
be noticed the more modem invention of the stereotype, 
and which diifers from the important art above described 
mainly in this, that the letters, instead of being run 
singly in metallic matrices, arc cast in plates comprising 
entire pages from plast« of Paris moulds. The honotir 
of this imponant invention has been claimed by HoUand 
and apparently with justice, so far as the fact of having 
cemented types together in pages can justify the claim, 
Tbe Luchtmans of Leyden appear to have printed fi;" ' 
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n slereoEype plain of thii deMription tknct I71>> 
Tlie plan, howeTCT, of fonning compact ptg^a hj sol- 
imag tbe bottom* of common type* together by same 
luhnj <DletaDce, whctber ineul or mutic, ia vi-iy dif- 
lijenl from that nov in use ; and ceriainlj not len h> 
iDEtiuciion, ^boot l~35, of >ome plates of ciippc 
ined in printing tbe calendar to « prayer boot, upon 
vbidi oor neighboon across tbe channel have founded 
idiim. It is in England that the art of stereotyping 
lui been brought to perfeclion, if not actually firtt ]itac- 
tiled; and, therefore, we cannot, as Mr. ^ainesaii has 
poperly obserred, thinii of jidding, on such prelenBioni 
U those adduced by Holland and Franco, tlie merit of 
tie improvement in the invention, when, on this side of 
ibe naler, oe bare podtive names and dales of about 
IIk same period to show that the art was then practited 
in this and the iister kingdom ; by Mr. Ged of Edin- 
iat^, in 1725, and by Mr, Fenner and Mr. Jame* of 
' London, who absolutely cast plates for Bibles and prayer 
booke in the University of Canibridfte in the year j 
1729-30. ' 

In the ordinary method, as already inrimated, ihs 
types are composed into a page as usual : upon this 
plaiter of Paris in a liquid state is poured, so as to form 
« mould exhibiting a perfect fac-aimi/e of the fR<:f% 
When dry, and surrounded with a proper raised margin 
this mould is lowered into a vessel containing type 
metal In a melted stale, and which, filling every cavity, 
fonuK, when the mould has been removed and become 
cool, a solid page of letters, which, after being dressed 
«n the bach until there only remains a plate sufficiently 
thick to keep the whole together, is attached either lo a 
wooden slab or a fompoeition body about ^ihs of an 
inch thick : in this state the pages are ready for printing. 
The advantages of stereotype arc: 1. That a work thua 
prepared, and once rendered absolutely correct, is nfter- 
wdt in no danger of contracting errors, either through 
n^ligent correction of the proof sheets, the dropping out 
of leliera or words, or other causes ; a. The plates am 
«Ut and rendered perfect mnv be used for printing only 
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Nuch an edidon in the first place as ma; enable a puk' 
iLshei to try the chances of sale without risking a luigB 
amount in piper and pressmanship, or e\eo losing int 
eit of mone; sunk upon a stock of work accnniuJal 
with reference tu certain but remote demand : 3. E«>» 
nomj of metal ; for, although works in ordinarj tjpe 
may be, and sometimes are, " kepi ttanding " i 
phrase ia, they are not only liable to accidents by tbt 
breaking of matter, or the dropping out of letters ; bol 
the expense of the type is too heavy to allow of thii 
practice to any considerable e^ ' ' 

of works or books of a long number of pages, "nw > 
volume which the reader has now before him, as well'. 
as the other volumes of the Cabinet Cydopadia, bU'' 
been printeil from stereotype plates. Of all the Tolunft 
of this work now published, any one can be reprinted— ■ 
and nearly all have been repeatedly reprinted — 
further expense to the proprietors than the cost ot pTOf 
fcork ; which ia the most inconsiderable item in an or- 
dinary printing account. Without the posaession rf 
stereotype plates, it would have been necessary to keep 
«n hand a stock of from 100,000 to 120,000 volume** | 
involving a large expense for warehousing, besides ibe I 
last of interest on capital. Instead of tliis, a stock O* . 
about one third of the above amount is at present tu0' 
cient ; in addiiion to which, however, there is a atocl^ 
of above 20,000 stereotype plates. This appliea o* 
course, lo such works as require no alteration ; the pre" 
tent Edition, necessarily including many novelties, bx' 
been entirely reset. 

It ia sometimes objected against stereotyping, tha.C 
it perpetuates errors, and removes the opportunity fo* 
improvement which every successive edition of a worlC 
printed from moveable types offers. This otijection ha* 
not, however, all the force which at first view it appeaM 
to have. Stereotype plates are not unalterable. Letter^ 
words, and even sentences may be cut from a page, and 
others soldered in, provided the substituted matter CM 
be made to till the same space as the matter obliterated. 
Pages may be brohea up and replaced by new ones, pro* 
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%uled the sane nnmber of page« be supplied. Etcb 

fills condition in not Bbeolutcly aeeemuy, Eince tbere are 

Contrirancea for marking the mccesBion of pages prac- 

taeA by printars, which will enable an author to enlarge 

t any part of a stereotyped work.* 

In 1818, Mr. Applegath obtained a patent for im- 

pMvements in the manufacture of stereotype platea, 

Irhich consisted in the formation of a metalltc mould or 

Bltrix, and in casting from or atriking a plaie with 

i by the following innenioua process : — The 

httcn, types, metallic blocks, or other omamenti from 

■iddi the matrix is to be made, are composed, or, u 

Ak printers term it, aet up into a page in the ordinary 

', care being taken to line the high spaces and 

Pidrats commonly employed in stereotyping, aa also 

■cul furniture or bars round (he page. I'he page, 

uU made up, ia tlien placed in the metal frame or 

"^K C {Jig. 19.) : it is firmly fastened by the screw* 
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«, ff, », #, and the iptercals between the types ai 
sides of the chase are to be filled up with pie 
inetql or ivood. The page or chsse is now laid 
the metal plate B P (fig. 20.), which is termed th( 
and made perfectly true. The frame M (Jig 
f,„, 23 which is calli 
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■ire two strong bow-springs^ which are compressed by 
tbding up the striking rod^ and which cause by their 
reaction the striking rod to descend upon the wooden 
Uock : these springs are so arranged that they act for- 
cibly against the block after the descent of the striking 
Tod; F is a guide bearings which causes the striking rod 
to ascend and descend in a perpendicular direction. The 
lower part of the striking rod D is furnished with a piece 
of iron^ which has a projecting doye-tail H^ to fit the 
groove gr, in the plate B P [fig. 20.): Ar, k indicate 
the nats or keys which fasten the pins of the frame M, 
vhen passed through the holes of the back plate just 
mentioned. The wooden block may be furnished with 
t small flap or screen of thin plate iron^ to protect the 
Workman from the splashing of the metal. 

The mode of using this apparatus^ and of forming a 
matrix therewith, is as follows : The chase^ type^ mould- 
ing frame, and back plate^ being attached by means of 
the groove and dove-tail to the lower part of the striking 
^d, the rod is wound up^ by means of the wheel and 
pinion^ to about the distance of eight inches from the 
Wooden block. The workman then takes a small quan 
tity of metal, or an alloy, composed of twenty parts of 
lead, two parts of regulus of antimony, and one or two 
i&ore parts bismuth, in a state of fusion, and pours it 
into a piece of dry cartridge paper, loosely folded up as 
A box or trough, as shown in^. 22., and places it upon 
the wooden block immediately under the striking rod 
I): he gently raises the corners of the paper, and moves 
the fluid metal toward the centre ; it should be a little 
thicker, that it may attain the same degree of heat in every 
part. As it becomes cool, and just in the point between 
fusion and fixity, the workman nimbly isengages the 
^tch or pall of the ratchet wheel, when the striking rod 
instantly descends by the action of the springs, and 
^uses the type and moulding frame to form an impres- 
sion on the semifluid metal, in the same manner as 
sealing- wax receives the impression of the seal* If the 

l2 
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operation be well perfoimed, 
iiion of the type is formed i 
becomes s metallic mould or n 

The back plate and chase, haviQg the type and in 
siiherinj^ thereto, are Ihen removed from the 
rod, and the matrix is disengaged fiom the 
gently raising the moulding frame. If the t 
not been originally made with much bevil, ii 
a little la the matrix : this may in some mei 
vented by alighdy bnishing the face of the t_ 
with a little dry soap and red ochre: but type tl 
been cast from a shallow matrix, with aa much h 
possible, is to he preferred. 

The next operation to be performed is the i 
or casting it plate from the metallic mould, n 
(lone in the following manner : The mould i 
placed upon the plate B F (Jig. 20.), and the m 
frame laid over it, and fastened with the pins an 
aa before described; the plate ia then a 
striking rod, and the operation of striking the p 
precisely the same as that of striking the mould, ni 
In the semifluid or half-set metal. The { 
may be the same as the ordinary type metal, c 
of one part regulus of antimony, to three, four, o 
parts of lead. When the operation is well perfon 
a perfect plate or fac-aimile of the original page a' 
is produced. The plate may be disengaged fi 
mould by gently raining the moulding frame: 
difficulty occur in disengaging the mould from the q 
it will be necessary, as before mentioned, to brush i 
mould over with dry soap and red ochre prerioiu tO 
casting the plate. The bach of the plate may then be 
turned in a lathe to make it true and parallel to the 
face. The ordinary ornamental impreesiona on the back 
of bank notes are from plates produced by this proces* 
from engravings exhibiting relief and creujc work mixed 
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twenty yean ago Mr. Sturz introduced inter 
priatiDg in gold from copper plates, Tlui 
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ptootts wai to mix with printers' weak burnt oil a cer- 
tiin quantity of gold or nlver bronze to the lame con- 
Bitency as that of oopper-plate ink. The subsequent 
itages of the process were the same as those of o^nary 
copper-pkte printing. Printing in gold by letter-press 
non f(^owedy and Messrs. Vizetelly and Branston were 
tibe first to apply it Mr. De la Rne^ in conjunc- 
tion with the late Mr. Balne^ produced a large royal 
Sto. edition of the New Testament^ printed in gold^ 
twenty-five copies of which were in pure gold powder. 
At the coronation of our queen^ Mr. De la Rue printed 
in gold 100,000 copies of the Sun newspaper. The 
process is to take printera' varnish and grind it to a 
thick consistency with the best burnt sienna or brown 
nmber, and reduce this with De la Rue's gold sise until 
of the thickness of thin treade ; ink the form in the 
usual manner^ and when printed apply the bronze by 
rubbing it gentiy over the article with cotton wooL 
The gold printing is much improved by passing the 
sheet over polished steel plates between powerful rollers. 
The Implications of the electrotype process in printing 
will be fully described under the chapter devoted to 
this new brandi of metallurgy. 



l8 



^ 



CoPPEii, when pure, is of a ungulitrly rei] colon 
ceeilingly malleable and ductile : it admits of 
hammf red, when at a red heat, in which respect it i 
from brass : as compared with iron, it is remat 
iucorrodible, nearly as, tenacious in stnicture, bu 
hard. These and some other qualities render copj 
incBtimable value to the manufacturer. The qUi 
conEumed in this country is, accordingly, very 
particularly in the plating of ships' bottoms, the o 
of the lowest description of money, the innuin 
purposes of the coppersmith, and for conversioB 

This useful metal was well known to 
antiquity ; and the mention of brass, as specificaD 
tinguiehed from gold, silver, end iron, which oi 
ancient authoia, roust often be understood as L 





Irmiiv to copper, either in iti pare iUtc, or u ■Iloj'ed 
■ilh liu forming bronze, rather than to anj compouml 
OMllj answeriDg to our bran. Such is Dndoubteilij 
the roeaning of the word as occurriof; in Scripture : for 
tumple, in that passage which desciibes " a latnl, whose 
(tones are iron, and oul of nbose hilb thou tna^rM <lig 
bna," Deut. viiL 9. Brass, being a fictittoiu metal, 
Ihe base of which is alwajs copper, ihe Ucier metal 
tStmr, must have been the nuD^alogical product of 
JdiIu slluded to, as well as in several other initancea 
*bne the same term occun. Although the reduction 
«f the ores of copper is one of the moil tedious of nx^ 
Iilliupi: operations, there seems no reason for sappoaio);; 
tint this stubborn resistance to fire maleriallj retarded 
tils luccass of ver^ early works, contriied foi the ex- 
tncting of HO valuable a metal. 

In the book of Genesis, Tubal Cain is mentioned es- 
preaaly, as '■ an instructor of every artificer in biM* 
rod irgn ; " but lo what extent the knowledge and prac- 
tice of the art of working in metals was carried in 
thoie early times, we have but very imperfpcl means of 
juJging. That the Hebrews would work any mines 
■iich they might discover in their own country cannot 
IsilMibled; that they trafficked with other nations, for 
the precious metals at least, is certain. Jt is probable 
they might obtain copper, and even brass or bronze, 
fioco Egypt, in which country Moses is supposed to 
otTC acquired his knowledge of metallurgy. Mr. Jacob, 
*itase work on the preiaous metals it is hardly possible 
lo priiie too highly, justly states that the chief sources 
^tfthe wealth of the Pharaohs were the mines of the 
xeighhouTing countries of Nubia and Ethiopia, which 
TCie productive of copper in great abundance before 
irm was known in Africa. According to the tes- 
timony of Agatharchidas of Cnydus, who wrote about 
170 or 180 years before our era, the abundance of 
brass was such, that it formed the chief part of the do- 
neatic furiuture, as well as of the chariots, the swords, 
the bows and the arrows in use, in a prior age. Tha 
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nhich produced the copper yielded also goldi 
which the Africans separated from the less valuable 

:tal. There is an exact and almost technical descrip. 
tion of those mines by an eye-witneBs, who visited them 
in the reign of the fourth Ptolemy. " They are," he 
■ays, " near the mountain Altaki, not far from the an- 
cient Berenice Lauchryios, in latitude 22" north. They 
were worked by a numeroua body of people, including 
men, women, and children, to each of whom a portioa 
of labour was assigned, correspondent to their strenjph 
and skill. The discovery of them was made by the 
Idngg of the ancient race." 

The operations in the mines of Nubia were inter- 
TUpted by the invasion of the Ethiopians, who took 
pOBsesBion of them, and afterwards by the Medes and 
Persians, In the passages of ihe mines were faand 
many tools of bronze, iron being then unknown, and 
vaat masses of human bones of people who had been 
buried in tlie ruins. The extent of the subterranean 
galleries is so great that they must almost have reached 

The earliest knowledge which the Greeks possessed 
of the working of the ores of this metal is attributed by 
Strabo to Cadmus, the Phcenician, who, arriving with 
other emigrants in Greece, in the year 1594 before 
Christ, opened the first mine of copper in the mountun 
of Langffius, in Thrace. Strabo likewise mentionB 
£ub<xa as producing excellent copper, at an early period, 
though in his time it seems the mines were exhausted. 
There were likewise very ancient copper mines in the 
island of Cyprus, which continued to be worked in the 
time of the Romans, and traces of which have been ob- 
served by travellers in the middle ages. Homer, in his 
Odyssey, repreaenta the Greeks aa purchasing copper from 
TemesB, an island near Upper Italy, by which appella- 
tion it has been thought the island of Cyprus might be 
meant. It may be added that Sicily and the Lipari 
Islands were celebrated in times of antiquity for t' 
bronie which they afforded. 
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According to Macrobius, qiMKd by '■'■iK 

riani, b]t their knoitledge of ' ' 

copper, and afterwiirdt iron ; m 

la&fMiog nne of the primilin 

thai, when die boundariei of Acir dty 

h WW done with a ploaghihuc of Mppc 

nOKOver, it nas the cusukd of Ae prii 
' liur cut with knives or man HMde c 
" h does not appear that, like tomt Mbt 

bibeB, they liad acquired the an of 

nnxiure of tin. " Them pevple M yp C rf kb — i 

the copper from which wai coined wU ilir mmm^ wI 

drcnlated in Rome, tbrongb kvoiI MMofiaf i 

The use of copper among MMoe of dw BCvAoa 
tions of Enrope, in the fabricwina of utu^tm, i 
period and under drcnmstxiica wbea MttI ffttr 
hare been more precious than gild, im Wca Btaot 
in Denmark by the openii^ of noRj KamSam^km 
innii, of Tery remote age*, and fiMi wiridi bsoe 1 
ctdlectcd Bpecimena of kniTo, dag^gen, tsord^ Md 
plmeais of industry, which an f imj ted aad 
fa] the museum at Copenhafgta. Tbfw aw uelo' 
vraotiB kiods, fonned of Cint < 
■hape Tetembling our we^ea, 
sod tmvee, which are preanncd 
invented. There are iworda, d 
blades of whidi are of gdd, m 
mOadxA for the purpose of eutiDg. ttmt of tfacw 
toob and weapona are formed f'miJfMj of eapfCTi wMl 
edgs of iron ; and in ntanj of dw iwplfn— , ife« pro- 
ftup applicaticn of copper and gdd, wfen riBlliWii 
villi the pordmony evident hi Ae cipfdimrf of IPM, 
Beam to prove that at the aafaiewii period, and imowg 
Ae onkiiown people who nami these tnmtdi, wtddi 
abqaarkn warefa has lately explored, gold aa well aa 
tB|i[iB' were much more abundant prodacu than iros. 

Ccppa- BwonU, btii man frequently celu, onda 
•Utfc Mtb>. a variety of cotliiig and fending tool* ate in- 



154 COPPER 11IKE9 i 

eluded, ri ways cbsI from a mixture of that metal with. ■ 
have been dug up in Ireland and other places. We«p«' 
ef ancient formation, have likewise been found in 
coumry, and are thought by Camden to be of I 
manufacture; but at what peiiod, or to what piu_ 
these were applied, or whether they were in realiql 
product of our native mines, we are almo 
ignorant. The earliest inhabitants of this 
whom we have any account, certainly wore upon ll 
arms and legs masEive rings, probably of this metal; H 
whether it nan of their own smelting, or obtained 1 
barter from their visitorB, is not clear, though Cen 
says expressly, that the Britons made use of imported 1 
copper. Ail the articles found are shown by chemieal f 
analysis to be of the hardest bronsc. 

Copper has been found with die other mineral a1 
of this country in several places, A little has been met I 
with in Derhyshiie ; and there was formerly a *ery 
famous mine at Ecton in Staffordshire, Iwlonging to the 
duke of Devonshire, and from which immense qnand- 
ties of rich ore were derived previously to 1770. The I 
main body, however, of the mineral t 
spot is supposed to have been long since eKhausted^ I 
and that the subsequent workings have only been upon. I 
branches of iL At present, that interesting coiuly, 
CornwfllL, from whence British tin has been drawn 
through so many ages, is the chief source of that 
amazing quantity of copper ore, which is constantly in 
the home market. " The history of Cornish copper," 
says Mr. Warner, " is as a mushroom of last night) 
compared with that of tin. Lying deep below the sur- 
face of the earth, it would be concealed from the in* 
quiriea of human industry, till such time as natural 
philosophy had made considerable prc^ess, and the 
mechanical arts had nearly reached their present state of 
perfection \ for, notwithstanding tin in Cornwall seldom 
runs deeper than fifty fathoms below the surface, good 
copper is rarely found at a less depth than that." Ac- 
ordingly, as this writer remarks, we do not find thai 



kny r^ular researcbes were mule for coppR on in 
Comwail till the tatter end of the iUeenth oratwy, 
when a few lulventuren worked, in an iroprrfecl man. 
Mr, wine iniigntScant mines, probabjjt with little 
we lo the public, and little proKt lo tbemaelTea. 
Half a centurj afierwaids, in tbe reign of Ebtabetb, 
tliough the product of the miaei would be naturallj 
4irater than before, from the increued indntuy 
of the people, and (he improced slate of the art*, 
jel liltle advantage seeme to have been derired to the 
'(Dunty of Cornwall at Urge from the working of ils 
flUppei. Mr. Carew hiDta at the imall profita made 
J^Wn it in his time, and assigns as a cance of it, liie ig- 
■onnce in which the mine proprielon wereLept by the 
'tecrdiants with respect to the tues and application of the 
Bdal. in the next reign, however, all this mjsierj 
ma disffersed ; the mines were inspected, their rahw 
dMcnnined, and a Eystem of working them 10 greater 
■^vantage introduced. 

This beneficial change was effected bjr the Tifcilanee 
*f Mr. Norden, Cornish surveyor to the prince of H'ala, 
who, having observed that certain artfol practicea wete 
wlopted to conceal the teal value of the copper produced 
from the mines, wrote a letter to king James I., com- 
mnnicaCing the frauds, and recommending that means 
mi^t be adopted >. prevent ibem in future. The ge- 
neral coitfuBion, however, into which the kingdom was 
^rovra in the time of Charles I. checked the copper 
inines of Cornwall ; nor were they charactsrised by 
peculiar activity and proportionate profit till after the 
Berolution, when a company of gentlemen from Bristol, 
{laying a visit of speculation to them, maile a general 
purcbaaeof their produce at various prices from SI. lOn. to 
iL per ton. The bargain proved to Ite highly advantageous 
to the purchasers, a secret that quickly transpired, and 
induced another company from the 
jam afterwards, to covenant with some of the principal 
Cornish miners to purchase all their copper ores at a 
Btated low price, for a certain term of years. This free 
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demand nonld naturally sharpen the altentioti, al 
the industry, of the mine proprietors : their vietrtii 
to extend, and proepecta of grraC fortune to open t 
them ; though, it ie strange to add, auch \ 
the hackward state of minemlogy, that the ] 
copper ore, which is at present so valuable, i 
the time above mentioned considered of n 
auce, called poder, that is, duH, and put ■ 
mundic. 

In the year 1712, the copper manufacture of I 
laud was brought to great perfection, inasmuch ■ 
was expressly declared to be the state of the trade 
statute of the twelfth of queen Anne, Tor making-ifl 
petual the act made in the thirteenth and four 
years of the reign of king Charles II., entitledjS 
Act for the better Relief of the Poor of this Kingtl 
enacting " that any of his majesty's subject ij 
export from £ngland copper bars imported from fi 
parts ; and upon exportation, shall draw back oil 4 
or Tacalc the securities, saving the half of the ol' 
sidy, as is usual in other commodities," was i 
Tived in the following words; viz., "which C 
being expired, and forasmuch as the copper i 
facture of this kingdom is brought lo such perfi 
that there is more made than can be expended h 
in the plantations ; be it therefore enacted, &Ci« J| 
vided, nevertheless, that no drawback be allowed a 
exportation of any copper, but such 
imported from the East Indies and the coast of fl 

la the reign of George I. the Cornish mining q 
in general, and particularly as it related to copp 
still further improved. A Mr. John Costar t 
person to whom the country is indebted ir 
Being an excellent metallurgist, anil a good s 
philoBopher and mechanic, he undertook the di 
of some considerable mines, and executed the * 
with success. He then introducetl a 
dressing and assaying the ore, and improved n 
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old machinery, and introdnoed engines for draining the 
■mes. In 8h<Mt, he aeeina to have given a new cha« 
lacter to the copper coneenu of Cornwall, and h#^^ rh« 
&dier of many of the pi oc ca ac a which render thev. «> 
proAtaUe as they are at present. The ^tate of thit 
eoppor market from this period for the next f!fry 7<ain, 
v31 evince the importance in a national as well m pr/»> 
▼indal point of view^ to which it had then attain«l : — 
The quantity of ore sold from 17^ inclujiive, tn thf 
ad of 1735^ was 64^800 tons, at an aTeraip^ prici^ /;f 
% ISi. lOdL per ton^ amonnting to 473,. ->00/., «h>,h 
■nmst have heen yearly 47^*^^^ From 173fl inciofii?*, 
to the end of 1745, 75,5^0 tons of copper or^ w<>r^ vM 
it 7^ 8«. 6d. average price, the amoimt 06O, 1 f/ii, in th« 
gFOBSj and 56,010L yearly. From 17V> indnjuv^t, to 
the end of 1755> the quantity sold was 0^f7r/> trin*, 
at 7^ 8^- the ton, the amoimt 731,4^7^ ; annually, 
73,1451. From 1756 inclnsive, to the end of 17^/, 
tiie quantity sold made 169,699 tons, at the zi^^^ 
price of 7/- 6«. 6d., amounting to the sum of l,^i3,(fi'jL, 
and 124,304/. yearly. Lastly, from I766 to the «nd 
of 1777, 264,273 tons of copper ore were dUpo^rd of 
at 6L 14». 6d. per ton, amounting in all to 1,77^,.'''5T^* 
The foregoing calculations are from Vrjat\ mlMT" 
alogy: according to Mr. Warner, however, the r^ivui' 
tity of copper ore raised annually, since the time w^^en 
the ahove account closes^ has been larger in every ^nr^ 
cessive year, till 1808, when the rHminutxon of tfje 
demand lowered the price^ and lessened, of eour^, thf, 
number of speculations. The following schedule c/t the 
productions of four years preceding 1808, in copper 
ore, fine metal, and the sums for which it v>lrl, afFordu 
an interesting view of this brandi of the trade of Corn- 
wall previous to the check : — 

Copper Ore. Fine Copper. £ 

1803 54^1 tons, eontajniiig 5/15 1 , sold for 5f/)A 44. 

1804 64^97 5,373, — 571,123. 

1S05 80,043 8,416, — 8^2,205. 

1807 73^05 6,827, — 630,267. 



Tlie depreEsioii which ensued In the foltowing] 
was altribuUble W the blasting influence of a per 
war, conjointly with an increitsetl prtxluceof theCi 
wines, and large importations of foreign copper, 
very high price to which the metal had risen, ' 
duced and enabled the miners to speculate moi 
ihan they had hitherto been accustomed to t 
consequence of this was, a supply more than i 
for all the demands of the British market, and 
the price of the ore naturally followed. Unforti 
for Cornwall, just at the period of this depression, 
large quantities of copper from South Amenct 
taken by the British cruisers, and the prizes brought' 
England ; whilst about the satne time, considerable ' 
portations of the same article arrived from Lima 
other places in South America, the speculations 
British merchants to these parts under licences froEi ibti 
British and Spanish governments. In ISOS, the yetti 
above alluded to, the average price of copper bad f^kl' 
201. per ton as compared with the average price of tta] 
preceding twelvemonth. In the year following, ho**' 
ever, there was an average increase of 40/., the priw 
being, in relation to the whole amount sold, 143'. 13b 
per ton : it has never been so high since ; and OBK, 
namely, in 1816, it fell to 98/. 13». the ton. Mr. 
M'Culloch gives the following details relative to the 
recent state of the British copper trade, on the aulhorilj 
of Mr. Pascoe GrenfeU, a gentleman very largely en- 
gaged in it: — "The qtiantity of copper prodneed 
during last year (1829) 'i Cornwall, from ores raised 
in that county, exceeds 10,000 tons of pure metal ; and 
if to this be added what has been produced in Woks, in 
other parts of England, and in Ireland, the whole quan- 
tity of iine or pure metal produced in the united king- 
dom, in 1829, may be fairly staled at 12,000 tons." 
On the same authority we are told, thai the quantity of 
British copper exported in the above year, amounted, 
according to an account laid before the House of Com- 
mons, to 7976 tons of fine melal, lo which, adding the 
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exports of foreign copper, the totid export was 8817 
tom. The value of the 12,000 tons of copper pro- 
iboed in the united kingdom as ahove stated, at 90/. per 
ton, amounts to l,080,000iL Mr. Grenfell, however, 
diewbere notes the average standard price of copper as 
109/. 14«. per ton in 1829. 

The following taUe presents a toleraUy complete 
view of the principal variations in the average price of 
die Cornish copper ores : — - 
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The low price of copper in 1779 appears to have 
iruen from the immense quantities of copper thrown 
ioto the market from the celebrated Paris mountain in 
the island of Anglesea ; which mine was discovered in 
1768. In 1784 these mines were producing annually 

^000 tons of copper; and about the same period the great 

Ecton copper mine in Staffordshire was dtscbvered^ its 

most productive period being about 1780. 
Since 1845 the produce of copper ore in Cornwall is 

shown in the following table : — 



Yean. 


Ore. 


Copper. 


Amount. 




Tons. 


Tons. Cwt. 


£ s. d. 


1845 


162,557 


12,883 3 


919,934 6 


1846 


150,431 


11,850 14 


796,182 6 6 


1847 


155,985 


12^754 


889,287 6 


1848 


147,701 


12,421 19 


720,090 17 


1849 


146,326 


11,683 13 


763,614 19 


1850 


155,025 


12,253 10 


840,410 16 


1851 


150,380 


11,807 8 


782,947 8 6 


1852 


152,802 


11,706 16 


828,057 19 6 
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The Buna Buna copper mine in South Anstrdii 


^^H present one of tile most remarkable examples of a mw 


^^H ceflsful mining speculation of modem times. From i» 


^^■^ dications which were regarded as of a most fsTOinv 


'■ 


able char 


cter, the m 


ine was started on the 5th S^ 



I 

I 



tember, 1845, with a capital of 12,320i., 
3 few nierchantB and traders at Adelaide. 
of ore have been as follows, to — 




mailing a total in 5 yeats of 56,4^28 U 

copper ore, varying in quality from ore 

per cent, of copper, to much that produces 70 per tail 

of that metalj the money value of this being 738,106t 

The discovery of gold has materially interfered will 

the further successful working of this profitable mine. 
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In most instances the Cornish copper mines arc carried 
to 8 great depth, though there is nothing like uniformity 
in this respect ; Tresavean mine being worked at a depth 
of 320 fathoms from the surface, while many produce 
in abundance of ore at considerably less than 1 00 fathoms. 
Masses of native copper have been met with in different 
parts of the world; in Cornwall and elsewhere it is 
iometiines found on the sides of fissures in thin films, 
deposited by the impregnated water from the lodes or 
^8, and some remarkable examples have been obtained 
from the serpentine formations at the Lizard. Veins of 
copper are occasionally discerned in cliffs that are laid 
bare by the sea, but usually the copper mines are at a 
dittance of some miles from the sea coast. The most 
encouraging sjonptom of a rich ore is an earthy ochreous 
itone* called gossan, which is of a ruddy colour, and 
croBibles like the rust of iron. Another promising in- 
dication is, when the ground is inclinable to an easy, 
fiee-working Uue kilias, intermixed with white clay. 
•The ore, as abeady intimated, does not lie at any par- 
tieolar depth, but it is a general rule, that when copper 
is discovered in any fissure, the lode should be sunk 
upon, as it commonly proves most productive at some 
distance below the surface. The lodes both of tin and 
copper appear most frequently in the vicinity of the 
granite, that is, near the junction of the clay slate rocks 
with the granite or the porphyritic rocks. Two dis- 
similar rocks appear to be an essential condition to a 
large metalliferous deposit. In the language of the 
miners, the term *' the country " is applied to the rocks 
through which a lode runs, to distinguish it from the 
metalliferous matter in the fissures. 

The matrices of copper are not only very numerous, 
but several of them so hard as to render the separation 
of them from the native mass a work of the utmost 
difficulty, and one to which the explosive force of gun- 
powder, and picks and chisels of the best steel, are 
almost indispensable. The variety presented in the ap- 
pearance and quality of the ore is only equalled by the 
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iifference which exists in the market price of the pn 
luce of the several mines. The ores are disposed of 1 
larties engaged in smelling works, at prices accordin 
the estimaled richness of each sort. 

The Cornish copper ores are Eold at public sales, nhici 
ire called " Ticlcetingt" from the drcnrostance that ih 
prices oflered are handed ill to the clerlt mitten upM 
lieces of paper or " tickets." The reBolts of each llll 

he names of the mines from which the ore is ohlained, 
he names of tlic smelters, and the prices which tbc] 
ffet for each sample of ore which has been previoudj 
issayed. The following result of a recent ticketing U 
Redruth, wiU serve as a specimen of one of tbew 
icketing papers ; — 
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^Sfsi. 
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£ 1. i. 


£ •. H 


^ J. d. 


(H9II 8 
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and Money. 

£ .. d. 
Aterage standard and produce - 134 6 fij 
Average price per fil owt. - - e 
Araountofmoney • - -23,467 18 6 

Qiiflnliiy ofore SSs's 

Quantity of fine copper - • - 354 4 

No ores are smelted in the TJcinity of the minea, bl 

South IVales. The following interesting account of tl 
irocesses of smelting copper, as conducted at the oel 
iraled Hal'od works, near Swansea, was written by J. I 



Viiitn, eiquirie, one of the pfof d wow, ■ 
' pbted in ihe Annsls of Philowfifaj. 
^ The orea smelted in ihew worin mi« ni 

Cimnill, sDil partlj in Deron ; ibn eonul cliUj' ot 
fdbw rop|ier ore, or copper pfiitn, •ml dw gicj hI" 
pfmretof cnpppTjlheformerconipoaiidedirf'aBlplnr.ina, 
IDdcopperin nearljcqualpropordoni; ifaeUner jitMtnn 
Ami 80 per cent, of metiL Ydlow orr, wliidi ii b;r fkr 
IhmDttitbundant, ik nstull jaccompamcdbj iron p^ta, 
ffnlphuret of iron. The earth f minmla lb»t omtr 
hlhew metallic sQl>stances ire chirflj wlicooi, ■Ithoogb 
ill Hime mines the veins are of an argillMmaa naouc ; 
<Fileb others th«j contain flaOT'spu, or flnaleof lime. 
Tins the component parts of the Corni«h eo[^Mr mtn, 
U prepared for smelting, may be stiil to be mlphnr, 
Hjiper, iron, and from 60 to 70 per cent, of earthjp 
nuier. To these may be added, u acddeutal, tin and 
•newc : the average produce of copper may be i 
B 81 per cent. 

The orea are conveyed from Camwall to Wales to be 
nulted, on acconnt "bf the supply of fnel, as not on)T 
oriTing the smaUer qnantity to the plater — the ere 
lolhe coal — but Iwcause the ve«»ds load i^ack coal for 
tie use of the engines of the mine*. The principal 
nndting works are situated on the navigable rivers of 
Bwansea and Neath. The processes in a copper work 
tre simple; tliey consist of alternate calcinations and 
liuiaaa. By the former, the volatile matter is expelled, 
and the tneials preriDualy combined with Ihe copper 
oxidited, the general fusibility of the mass being thereby 
increaied. The furnaces in which these operations are 
perfonned are reverberate ry, and of the usual conEtruc^. 
tiOD. The substance to be acted on is placed on the 
body of the furnace or hearth, which is separated from 
ibe fireplace by a bridge of bricks shout two feet in 
IhiekneeB. The Same pa.<se9 over this bridge, and rever- 
bentiog along the roof of the furnace, produces the 
required temperature, and escapes with any volatile 
natter that may be disengaged from the ore through a 
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flue at the opposite extremity of the furnace, which flue 
oomiQunicates with a perpendicular stack or chimney. 

These furnttccB are of two deacriptionij varying in thai: 
dimenEions and internal form. The calcining furnace^ 
or calciners, are rurntahed with four doors or openings, 
two on each side the furnace, for the convenience of~ 
stirring the ore, and drawing it out of the furnace whes 
calcined. They vary in their dimensions, but are a 
monly from 17 to Ip feet in length from the hrldge la 
the flue, and from 14 to 16 in width; the firepUee 
from 44 to 5 feet across by 3 feet. 

The melting furnaces are much smaller than the cal- 
cinere, not exceeding 11 or 11 J feet in length hy 7j 
or 8 feet in the broadest part; the fireplace is lai 
in proportion to the body of the furnace than in 
calciner, being usually from 3^ to 4 feet across, and 3 
or 3J feet wide, as a high temperature is reijuired to 
bring the subslances with as little delay as possible into 
fusion. These furnaces have only one door, which it 
in front The annexed altetcbes represent plana, — 
fig, 24. of a calciner, fy. 25. of a"melting furnace: d 
hearth, or body of furnace; b, bridge; c, fireplace; d, 
flue ; e, stack, or chimney ;/, tapping hole; g, tkuaaang 
Fig. a4. Fig. 26. 
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lelting furnace; hhhh, itirring doors in cal- 

Pfocesa I. — Caicination of the ore. The copper ores, 
irben discharged from ihe vessels in which they are 
booght from Cornwall, are wheeled into yarili or plots 
cmtignous to the works, and there deposited, one cargo 
tnz the other, so that, wbeti cut down perpendicularly. 
In be carried to the furnaces, a toleraWy general miKture 
kfenned. This is atwajs desirable in a smelting work, 
M the ores being of different qualities and componenE 
pBta, the one acts aa a flux to the other. The ore iit 
the yard is weighed over to the calcloer-men in buses, 
(mloiiiing each 1 cnt. These are carried on men's 
dkonlders to the calcinera, and emptied into iron bins 
or hoppers, formed by four plates of caet-iron tapering 
ta Ibe bottoQi, placed over the roof of the farnaee, bdiI 
Imported by wrought-iron frames resting on its sides ; 
two of these bins are usually placed over each calciner, 
learly opposite the lide doors, bo that the cha^ of 
•ce when lei into the furnace may be conveniently spread, 
which is done by meaiie of long iron tools, called stirring 
Tibbies. 

This charge of ore uaually consials of three to three 
and shalf tons ; it is distributed equally over the bottom 
of the calciner, which is made of tire bricks or square 
The fire is then gradually increased, so that 
iDwardi the end of the process, which lasts twelve 
the charge is drawn out through holes in the 
holtam of the calciner, of which there is one opposite to 
■Mb door ; and, falling under the arch of the furnace, 
Knuina there till it \% sufficiently cool to be removed, 
iriieii water is thrown over it to prevent the escape of 
Ae finer metallic particles. It is then put into barrows 
and wheeled to rfie proper depots : in this stale it is 
called calcined ore. If the process has been well con- 
ducted, the ore is black and pondcry. 

FroceBs 11, — Melting of Ihe cakined ore. The cal- 
cined ore is delivered, as in the raw state, to the work- 
men, in boses containing 1 cwt. each; the charge is 
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iwn aou 
e is put , 
of the <^ 



deposit^ in the same itiannei m a bin placed oi 
top of the furnace, ami from thence passed inti 
interior xa requirecl. When the charge ia let down and 
spread over the bottom, tht door of the furnace it 
up and nell luted. Some slags from the fusion of tl 
coarse metal or sulphuret are added, not only o 
of the copper they contain, but to assist the fusion of 
the ore, being cbiefiy corapoaed of oxide of iron. 

After the fiimace is charged, the lire is made up, and _ 
the main object of the smeller is to bring the substancea . 
into fusion ; it is, therefore, in this respect, difibrcnt 
from the calcining process. When the ore i; 
the door of the furnace is taken down, and the liqnid 1 
mass well mhhUd, or stirred, so as to allow of the com- jK 
plete separation of the metallic particles from the slsgi 1^ 
I or earthy matters, and to get the charge clear of Ae 
bottom of the furnace, which is made of sand, and st 
becomes impregnated with metal. The furnace being | 
ready, that is, the substances being in perfect fiuioD, I 
the smelter takes an iron rabble, and skims off, tltrouf^ I 
the front door, the sand or slags, consisting of the earAf I 
matters contained in the ore, and any metallic osidH i 
that may have been formed, which being specifically 
lighter than the meiaU in the state of sulphuret, floU 
on the surface. When (he metal in the furnace ia 
■ freed from slags, the smelter lets down a second charge 
i of ore, and proceeds with it in the same manner as with 
I the first ; and this he repeals until the metal collected 
' in the bottom of the furnace is as high as the furnace 
will admit of without flowing out at the door, which it 
usually after tile third chaise ; he then opens a btde, 
called the tapping hole, in the side of the furnace, 
through which the metal flows into an adjoining pit 
filled with water. It thus becomes granulated, and 
. collects in a pan at the bottom of the cistern, whicb ia 
laised by means of a crane : it is then filled into bar- 
I rows, and wheeled to the place appointed for its recep- 

The slags, received into moulds made in eand iafrou 
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of the furnace, are remoied after path charge, and 
«bede<I oul of the work lo the tlag-bank, where ihev 
are broken, and carefully examined ; anj piece* found 
to Bontain particles of metal, are retumRl to the imeller 
to be remelteil, and unleaa the dtg U ver^ tliick and 
tenuious, the copper whicb the; tiuj contain ii found 
It the bottom : what is clean or free of meioi ii rrjccted. 
These slags are composed of (he earthy mailers coii- 
Itined in [he ore, and the oxidei of iron and other 
melils that were nixed with the copper. The oxide 
of Iron gives them a black coloar ; the rilex or quarlt 
KDaina in pari unfuaed, and gives the skaga a porphj- 
titic appearance. 

In this process, the copper is concentrated, and a 
loiH of stuff with which it was combined in the ote 
goE rid of. The granulated metal ueualtir contains 
■boat one third of copper ; it is thus four times a« rich 
AS the ore, and must consequently have diminished in 
bulk In the same proportion : its dilef component part* 
■re folphurj copper, and iron. The men work round 
the twenty-four hours ; and commonly melt in this time 
five charges : under favourable circumstances, as fusible 
ate, strong coal, furnace in good repair, they even do 
MX t^ai^es: they are paid by the ton. 

Process III. — Calcination of Ihe coarte meUxL This 
ia conducted in precisely a similar manner lo the cal- 
dnation of the ore; the chai^ is nearly of the same 
weigbt ; but, as it is deeirable io oxidiee the iron, which 
is more readily effected in this process than in the ore 
teklners, where it ia protected from the action of the 
air by the earthy matters with which it is combined, 
the charge remains twenty-four hours in the furnace, 
and during that time is repeatedly stirred and turned. 
The heat during the first six hours should be moderate, 
and from that time gradually increased, to the end of 
the operation. 

Process IV. — Mcllhig ffie eoarme metal a/ler eal- 
This is performed in furnaces exactly similar 
to those in which the ore ia first melted, and with the 
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calcined metal are melted some slags from the last * 
operatioDi in the works irtiich contain gome oxide of 
copper, 33 likewise pieces of furnace bottoms impr^- 
lUkCed with metal : the chemical effect which takes place I 
is, that the OKide of copper in the slags becomes l 
reduced by a portion of the sulphur, which combiau 
with the oxygen, and passes off as sulphurous acidga^ 
while the metal thus reduced enters into combinatioa 
.vith the sulphnret. That there may be a. sufficient 
quantity of sulphur in the furnace to promote thcM 
Ranges, it is sometimes necessary, when the calcined 
metal is in a fofward state, lo add a small quantity of 
'law or uncalcined metal, so that a clean slag may be 
obtained; the slogs from tins operstiun are skimmed 
ttE through the front door, as iu the ore flimaces, The;r 
have a high specific gravity, and should be sharp, well 
melted, and free from metal in the body of the slag. 
After the slag is skimmed off, the furnace is tappeil, 
and the metal is suffered either to flow into water, t 
before, or into sand-beds, according to the modes of 
treatment it is to be subjected to in subsequent opera- 
tions. In the granukted state, it is called fine metal; 
in the solid form, blue metal, from the colour of its 
■urface. The former is practised when the metal ii to 
lie brought forward by calcination : its produce in fine 
eopper is about sixty per cent. 

Process V. — Calcination of the fine metal. This is 
) performed in the same manner as the calcination of die 
coarse metal. 

Process VI. — Melting of the calcined fine mtlaK 
This is performed in the same manner as the melting 
of the coarse metal; the resulting product is a coarse 
copper, from eighty to ninety per cent, of pure metal. 

Process VII. — Roasting. This is chiefly an oxi- 
diising process : it is performed in furnaces of the same 
description es the melting furnaces, although distin- 
guished by the appellation of roasters. The pigs of 
coarse copper from the last process are filled into the 
furnace, and exposed to the action of the air, whidt 



OBAP* vxm BBFoajra a» TT iiiTn rr 2f<9 



dntws throa^^ the fomace as a pus Lsk: :^ 

pentare is gndiull]r inCT t—j d 10 s* iwi^diiir juli-v 

the expulsion of the To^adje SBbssaiCH ■'*^*' rss-uijefi 

is thus eompleted, sod the irtm cr cniier xskl:* idl 

eomfained with the eopper Mit oxadiaesd. Ts»t 'JLon: n 

inm 25 to 30 cwt. ; the i&exil if ivmtid isrvsrc dit i^zii 

€f the operation, which i» tem^sutd fnc rvti-r^ lo 

twenty-four hours, aeeording 10 tiie vast ci Urw^rinssu 

when filled into the fura&ee. a&d is up;<e^ n:^- uzjS- 

beds. The pigs are coTescd with Uaitk iui»K-L. kud 

^ copper in this suue is kikows In z^ ujiit cf 

Uistered copper : in the inicrior of the pdfi :i«fr z«eu2 

htt a porous honerocmhexl appeansee, oixasaLz»tii \j 

tfae gas formed by the ebuHitioo which takes ylust in 

the sand-beds on tapping. In this suixe 21 ii £: f cr i?je 

lefinery, the copper being freed frcxn ziearlj d ihe 

sulphur, iron, and other snhsrannps with « bid: it was 

ODmbined. In some works the metal is fiDrvarded for 

tfae refinery, by repeated roastings, from the tr^it of 

Uoe metal : this, however, is a more tedioci iLeihodL 

The oxidising processes are greatly ansted by a coLiri- 

Vance, the patent for which was purchased by Messrs. 

VlTian of Mr. Sheffield the iuTentor; the object ct 

which is to keep a constant stream of fresh air pa^^^^g 

over the metal by means of a channel fonned in the 

bridge, communicating by holes with the external air, 

and with the interior of the furnace. 

Process VIII. — Refining and toughening. The re* 
fining furnace is similar in construction to the melting 
furnaces, and differs only in the arrangement of the 
bottom, which is made of sand, and laid with an incli- 
nation to the front door instead of to one side, as is the 
case in those furnaces from which the metal flows out ; 
the refined copper being taken out in ladles from a pool 
formed in the bottom near the front door. The pigs 
from the roasters are filled into the furnace through a 
large door in the side. The heat at first is moderate, 
so as to complete the roasting or oxidising process, 
^ould the copper not be quite fine. After the charge 



IB run down, and there ia a good heat on the funf 
the front door is taken down, and the elagB skim) 
off". All assay is then taken out by the relinn- «~ 
imal] ladle, and broken in the vice; and froi 
neral appearance of the metal in and out of the fii 
the state of the die, &c., he Judges whether the Ic 
ening process may be proceeded with, i 
some opinion as to the quantity of poles and c 
that will be required to render it malleable, or, ■ 
termed, bring it to the proper pilch. The c _ 
this state is what is termed dry. It is brittle, ikil 
deep red colour inclining to purple, an open grais, f 
a crystalline structure. In the process of toughe 
the surface of the metal in the furnace ia first 1 
covered with charcoaL A pole, commonly of fa 
then held in the liquid matter, which causei 
able ebullition, owing to the evolution i 
matter; and this operation oi poting is continned, 4 
ing occasionally fresh charcoal, so that the a 
the metal may be kept covered, until, by the asst 
the retiner from time to lime takes, he perceiTet '| 
grain, which gradually becomes finer, is perfectly d 
BO as to assume even a silky polished appearance iib 
assays when half cut through and broken, and it beeS 
of a light red colour. He then makes further H' 
ita malleability by taking out a small quantity In 
and pouring it into an iron mould ; and when i 
beating it out while hot on the anvil with a aledgs 
hammer. If it is soft, and does not crack at the eiget, 
he directs ihe men to lade it out, which they do in iron 
ladles coated with clay, pouring it into pols or moulds 
of the size required by the manufacturer. The usikal 
size of the cakes for common purposes is twelve inches 
wide by eighteen in length. The operation of refining 
requires great care ; under-poling or over-poling bdng 
found injurious to the process. 

Sometimes, when copper is difflcutt to refine, a few 
pounds of pig-lead are added lo the charges of copper. 
The lead acts as a purifier, by assisting, on being oxi- 
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■ntunei a rannd timo, and ■• carfkil kra ii«(. Wte 
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Not only do d>e wor kw fw inaned 
fte RDelting safler as ia atalcd, bmt ikt m 
ia peiceiTed by dw iiihriiiiaMt U ibe dmricn whoc 
mch operations are carried aa. In tbe year 19S1, ll« 
gKftt Haftxl copper-woika, in thr b ' " 
Swanaea, and whidi were etceted 
150,00OL, were indicted far ■ n 
of the alleged deatnicti*e efiecta of du f 
nroae during the vneluiig of the ores. " Wlien wc 
lesm," says Doctor Paris, " that the aroatmi of wa^ 
paid by the proprietora of the worfca io thi* district cx- 
oeeda 50,000/. per annmn ; that 12,000 peTwnu, U 
lean, derive their mpp oit Irinn tile smelting ettabbsh- 
nMnla ; that a Gum of not less than SOO.CHXtf. clErliiig 
is mnually droilated io Glamorganshire and the adjoin- 
ing eonntjr in comequeuce of their existence; thai ihey 
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f pay to the calUerieE no lees than from 100,0001, b) 
5 800,000/. per annum for coal ; that 1 50 vessels Me 
employed in the conveyance of ore; and, mipposing eadi 
upon an average to be manned by five Eeamen, that th^ 
give occupadon to 750 mariners ; a more serious cala- 
mity can scarcely be imagined than the stoppage of saA 
works." — "Wemay, therefore, readily believe," adds 
the biographer of sit Humphry Davy, " that this dis- 
tinguished chemist, who was applied to on the subject^ 
entered most ardently into the consideration of ti 
I plan by which (he fumes might be prevented, and 
I alleged nuisance abated." The method adopted I7 
1 Messrs. Vivian and Co., the proprietors of the works, Ibt 
Ae mitigation of iheevil complained of, was the erection 
I irf shower-baths ; and experiments, maiie by Messrs* 
Fhillips and Faraday, proved that, by thit means, aQ 
the fluoric and arsenious fumes of the smoke were en- 
tirely destroyed ; and, further, that by a certain quantity 
of water, the smoke might be entirely freed from sul- 
pharoua acid gas. After a mature con ei deration of the 
great mechanical as well as chemical difficulties whidi 
the condensation or decomposition of the smoke on s 
large scale presented, Davy strongly recommended the 
continuance, and, if necessary, an extension, of the plan 
adopted by the proprietors. This plan appears analo- 
gons to — if not, indeed, identical with — one for which, 
'a the above year, Mr. Dickson obtained a patent. 

Contiguous to the Hafod works, the operations con-i 
nected with rolling the metal are conducted on a large 

t scale. The cakes of copper are here manufactured into 
sheets and sheathings for export and home consumptioii> 
It is packed into cases, which are lowered from the 
mills into vessels, and forwarded to the different mu- 
keta. The shruff, that is, the edges (cut off on trimming 
the sheets), and the pickle duet, or oxide of copper, 
that ia collected in the cisterns on cleaning them, are 
sent back to the refinery and remelted. For several 
years, Gavernment has maintained an establishment for 
the manufacture of copper into sheets and bolts at 
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FortsmoDth ; the qiuntity naed there heing, in 1S30, 
6^1 tons; in 1831, 580 tons; and, in 1833, 644 tons. 
Beada the redaction of that rarictj of ores from 
vbidi copper is extracted, there is anotlier method 
vbich has heen occasionally turned to account in the 
production of this metal; namely, hy smelting the metal 
vhicfa is deposited upon hars of iron expose^l to the 
actioQ of water strongly impregnated with salts of 
copper. When first the phenomenon here mentioned 
wu observed, and the reality and importance of its 
cflkcts ascertained heyond a doubt, the result was for a 
time characterised, by persons deficient in chemical 
Inowledge, as an actual transmutation of the iron into 
copper ; pieces of the former metal being decomposed 
in proportion as the latter was produced. In later 
times, however, not only hare springs impregnated 
With copper been turned to direct advantage, and their 
principles been illustrated by analysts; but Dr. (now Sir 
David) Brewster mentions a case, from the Annaten de 
Chimie, in which small buttons of pure copper, one of 
them weighing two ounces and a half, and i>erfect]y 
malleable, were actually produced, vid humiddj inside a 
tab used in the preparation of sulphate of copper. 

With reference to the alleged transmutation of iron 
into copper, at which travellers have been so much sur- 
prised, and the old chemists so much puzzled, especially 
by the effect of the waters of Newsol, in Hungary, men- 
tioned by Agricola, bishop Watson remarks that, in the 
year 1673, our countryman Dr. Brown visited the 
famous copper mine at Herm-Grundt, about seven 
English miles from Newsol; he informs us tliat he 
there saw two springs, called the Old and New Zimcnt, 
which turned iron into copper. The workmen showed 
him a curious cup, made of this transmuted iron ; it 
was gilt with gold, had a rich piece of silver ore fast- 
ened in the middle, and the following inscription cn« 
graved on the outside : — 

Eisen ware ich, kupser bin ich, 
Silver trag ich, gold bedeck t mich. 
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Copper I am, but iron vai of old, 
Silrer I carry, covered am with gold. 
It was even at that time, says Brown, contended] 
by some, that there v/ax no real transmutation of ihfl 1 
iron into copper, hut that the Ziment water containing^ 
ritriol of copper, and meeting with the iron, depositca,] 
iti copper ; anil, it seems, he would have acceded (o ^ 
this opinion, could he have told what became of the ' 
iron. "It JE," says Dr. Watson, "taken up by the 
water, and remains suspended in it, in the place of the 
copper ; so that the transmutation is nothing but a 
change of place ; and as the copper is precipitated b; 
the iron, so the iron mtghl be precipitated by potash, or 
any other substance which has a greater affinity with 
the acid of vitriol than iron has," 

The copper springs in the county of Wicklow, in 
Ireland, owed the discovery of their valuable quality to 
the following circumstance. About the middle of thn 
eighteenth century, when the opening of the rich mines 
of Crone- Bann had compnsated the low of the more 
ancient workings of Ballymurtagh, a workman happened 
to leave an iron ehovel in one of the levels from the 
former mine, by which issued a copious stream strongly 
impregnated with copper : on taking out the implement 
some weeks after, it was found so completely incrosted, 
that it was at first thought to be converted into copper. 
This accident suggested the advantage of laying bats of 
iron in the etreams, by means of which the copper in 
the water was precipitated upon the iron, which became 
corrwied by the process, and fell to the bottom as a 
reddish mud, and which, on being taken out and dried, 
appeared a eort of dust of the same colour, in which 
state it was ready for Emeltinf;. About 500 tons of 
iron were laid at one time in these pits : in atiout 
twelve months, the bars became dissolved ; one ton of 
iron yielding a ton and a half, and sometimes nearly two 
tona of the metalliferous precipitate ; and each ton of 
the latter producing sixteen hundred weight of pure 
copper. It is a knowledge of this affinity bettceen the 
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two metals that has fiDniihed the minen with a very 
ample bat almost infallihle method of asoertiining 
wh^er an ore contains copper : thej drop a little nitric 
icid upon the mass ; and^ after a while, dip a feather 
into the add, and draw it over the poUshed Uade of a 
knife ; and if there be the smallest quantity of copper 
lieKDt, it will be precipitated on the steeL 

Sevml patente have been obtained from time to time 
SoK the improvement of the processes for separating 
copper from the ore. These haye, mostly, been founded 
ipoD the conversion of the sulphuret of copper into 
t snlphate, by slow and careful calcination. This sul- 
phate is dissolved out, and the copper subsequently 
piedpitated by iron. 

One process consista in plunging a bar of iron into 
the mdted metal, when the sulphur attacks the iron, 
•nd all the copper is at once reduced in a pure metallic 
Btate. This copper is said to be of excellent quality, 
tod is employed in the manufacture of cannon. It has 
Bot, however, been goierally adopted* 
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The biisioess of the coppersmith is as e 

diversified, sa the putpoaea to which the metal is t 

on a large scale are considerable. The appellat!< 

brazier, although in BtrictnesB apphcd t< 

brass, as con trad istinguiehed frotn otic who worls 

copper, has long since sunk into a synonyme witti 

first-mentioned terra ; and it is likely, e 

countries very reraoic from our own, both metals n 

be fashioned into domestic or other utensils bj ■ 

sanie class of workmen. In a very curious tariff i 

prices of about 400 commodities, promulgated i 

reign of the emperor Diocletian, in the year 3 

translation of which document, with the sums n 

to English money, is appended to Colonel 7 

" Journal of a Tour in Asia Minor," &e-, occurs ind- 

dentaily an item to the effect, that the highest chai^M 

which it was then kwful for a brazier to make for hb 

work were, in brass, 5s. 3d,, and In copper, 3r. lOd. per 

pound. This rale of remuneration, however, was fixed 

immediately after a year of dearth ; and what proportion 

It bore to the price of ptoviaiona mt.^ be iufertcd f| " *" 



t ihal I. fat goo«e ii priced lE the rain of 
Gr. £j., and a peck of bniiied peai it 51. 4j<. In tbe 
tierenth century, Dyninl in FlUiden wu funoui 
ItuDUgbout Europe for the muiDfaclDre of pot«, pani, 
lod other articles of copper, which ««Te long kaovn in 
(onmerce undei the name of dynandrie, from the pUce 
libae the; were made. And, prerioui to the pniod 
vIkii Queen Elizabeth encoutaged mtDeni and bnn- 
mket* to settle in this countty, we imported from 
Qamany, through the ports in the Netheitands, not 
9lj sworda, knives, nddlert' ironmongery, and even 
'fiu, but all our articles of brut and copper, called 
ares, from their having been wrought by the 
Although copper may be, and (o a coniider- 
Ale extent is, cast in aand, like other metals, it ia in die 

te of iheeta that the largest contumption takes p1a<:v, 
Bpedallj when we consider what is reiiuired by the 
illpbuilden. Copper, allliough lomewhal difficult tu 

S at the lathe, or to b..re, on account of its clogging 

! UmU, is an exceedingly easy and pleasant metal to 
n by hammering, bdng at once soft and tenacious. 

K tttklea, being flrst cast, are afterwards bea:en otat 
to the requisite degree of thinness, and to tlie form in- 
Wried, advantage being taken of the malleability of the 
ffiilerial, by repeatedly heating until red-hol, and then 
gndiuilly cooling, whatever piece of work may be wrought 
in ihis manner. 

The malleability of copper ia well illustrated by the 
Jmdnclion of moulds for jellye, urns, vases, &c. The 
loibwing drawings, which we have been permitted to 
tufj from the works in progress at ihe manufactory of 
Ibe Mesws, Tylor in Warwick Lane, will thow the 
nmarkahle perfection to which this manufacture is 
"tried. 

Ia Ihe first instance, a circular piece of copper of the 

Kqniute ihicknees is taken and properly annealed {fig- '26.') 

Thii ia subjected to a process of hammering, which is 

Uihrmly carrieil over the whole surface, the disc of 

' being dexterously turned round by the ■wt>iUaian 




[luring the openitioD. By this proeeu it erentnal 
anumes the figure Bhown in Jig. %1., uid tesemblU 




a copper bawL It will be evident, tliat duringfl 
action of the haminering, the ultimale particles coBia 
luting die ni3Es of metal mnac be driven closer togethn 
We do not linow what exactly takes place : when id 
hammer a piece of very ductile copper, heat is eTolied 
and we render the metal brittle ; if when this changehM 
been carried on to its utmost point, we expose the britdi 
Eubstance to heat, and then allow it to cool slowlff W 
restore the copper to its former state of ductility. 

The secrets of these molecular changes have not]* 
been sufficiently examined. VVe hare allowed onncMj 
to rest satisfied wiih the terms cohesion and cattun 
, repulsion, as explanatory of these chaogea, without brvJ!^ 
anyclearideaattached to thelerniE; indeed, thequeetiot 
of the atomic constitution of matter appears to be bJi* 
gether as much open lo discussion as it was before tb( 
time of Newton. Modern science is not satisfied wi^ 
the theory that matter is made up of hard, itppenetntdf 
atoms, and appears disposed lo a hypothesis of a \atA 
meiaphysieal character, which supposes matter lo hi) 
certain matheifiatical pointa, represented only by a bun- 



E«f peculiar propcttipf. We ciiinot now enter into 
\y diseu^KioD on this very abstruse, but mi'ii imporlant 
igect; it is sufficient for our purpose, that we state 
IE fact of metal becomitig verf brittle by long-n>ntinueil 
unmering. 
The copper vessel in question, bdng brought into the 
upe of a bowl, ia eubmilted to tbe sciioa of heat, — 
« proeeBB Ja culled annealiny, — and when cool, it is 
pan bainmered by the workman ; the third stage of 
e niBimfacture being reprefiented by an approach to a 
nical figure (Jig. S8). Up to this point, the operation 
1^ appear Bufficienlly aimple, although in beating up 
ifiic into a vesEel eighteen inches high much nje- 
buiical skill ia required. Now, by very careful n 
dation, that portion which ia to form the neck of the 
ueii produced — tbe proceas being alitl succeEsive ham- 
leriugE, and subsequent annealings — the reeull being 
Nnmally such a form aa shown in/5. 29. 



« 




lUBt be very frequently repeated, as 

3 that the change from ductility to briitleneas 

e rapidly in the advanced stages of the 

■nsfactuTC than it did in the commencement of the pro- 

Infig. 30. is shown the formation of the mouth of 

eTSSe, anil its further development in/j. 31. Bven- 

haliy, tbs required /arm is produced; aiij the anaeilio^ 
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o[ieratioii being now carried, with much care, I 

sn extent as to ensure the required toughness 

vessel, the handles, &c. being sdjueled, the vase 

pieled {fig. 32.). Other things, 

such aa kettles, pitchers, and 

small Teseela in general are 

Eolilereil ; the seams, aflei 

anaealiiig in the mauiicr juit 

<leEcribe(l, being found to aland 

the operation nearly aa well as 

\he other parts of the article, 

care being token neither to 

heat nor hammer those parts 

more than necessary. The 

hard solder used by the brazier 

is composed of three parts of 

brass and one part of zinc, and 

is thus prepared ; — The brass 

is put into the crucible with a 

little borax : when melted, the 

zinc is added, and the mixture 

stirred well together, until the 

blue flame Eubsiiies ; it is then 

poured out into a shallow pan or ingot moulil, si 

form a plaie. It is afterwards granulated, by \ 

nearly red- hot, and then beating it on an anvil i 

morlar. Tile larger grains are separated from th 

by means of a riddle. 

In boilere, gasometers, stove-pipes, and othei 
articles, the pieces are attached by studs or rivets ( 
at short distances apart, through holes punclied 
metal, and spread out on one side by repeated i 
with a hammer, while a small anvil is held agaii 
head of the rivet ; a cement made of powdered 
lime and bullock's blood is sometimes smeared : 
seams of large veesela, which by this means a: 
only rendered very firm, but impervious to liquidi 
some sorts of piping, the edges of the metal are 
to oyetlip each other ; oi, \Kitig, \«'iA aiitvranbs I 
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mtal ii tacked over both of them ; afUr which ihv 
ale a hammered down, aod k compact aam fonned. 
a followiog KctiaDB of piping vill ifaow ibe method 
nuking the diSerail Eoru of seami bj the coppct- 
littu (fig. 3S.) ; A, nmple contact of the edgn for 
Fig. 33. 

oopoo 

id (sUering ; B, overlap for toft idderiiig ; C, oTer- 
pirtlh rivets; 1>, folded seam ; E, pal«tit strip overtip. 
A copper tea-keltle presents a familiar but ingenious 
tejmen of the coppenmith't art, both with reference 
nUmng and hammering: taken, indeed, in all in 
n% it esbihita the result of almost every operatiou of 
I nrkihop. A piece of metal heing cut from the 
M, of a Biae cotresponding with the intended capacity 
die kettle, it is In-ightened by tiling aver about an 
4 of the surface at each end. It is then cut with a 
irorabears along one end at intervals of sn inch, and 
Wfjitamu portion of the edge bent back a httle, as 




esented at A (j^. 34.). It is next bent upon a 
e mandrel iu tlie manner of a tube, the endie <A^ 



182 

being introdnred between the cut portiotiK of the otl 
these, when the parts are hammered dose, lying « 
nalely inside and out of the vessel. The seam is 
Co he brazed by the introduction of borax burnt 
triturated with water, and a. sprinkling of the m 
already mentioned; the part beitiR held over a cake 
urged with bellows, nntil the solder melta. Theve 
when cooled, is hammered upon a steel head or st 
beingannesledoccBsionally, until the scam ia laidemo 
and the body, as to its cylindrical measurement, is wr 
Two inches of the tube are next lo be turned in« 
to form the top of the kettle ; this is done by placii 
over a little anvil with a sloping face, attached to 
state B, and striking the vessel with the edge 
hammer, C, until it forms an obtuse angle with 
sides, as ae. This part being contracted, so as to I 
a suitable cavity for the lid, the lower end ii, 1 
similar operation, turned inward a little, all ronnd, 
then cut with the shears, as D, the bottom being 
eeried, and the alternate projecting bits of roeltd li 
mered upon it, after which it is soldered iu tbe i 
manner as the aide. The article is now picftfedindil 
sulphuric acid, and planished to brightness, the ni 
of the hammer being rendered imperceptible by ihi 
tervention of a piece of old moreen, or other woi 
stuff, between the copper and the stake. The li 
the kettle is dished by stamping it in a die ; the fas 
is cast, and the spout, after being soldered up, 
. rounded a little on a mandrel, is finally shaped upon 
with which it had been filled, and afterwards soli! 
or riveted into its place. Copper saucepans are foi 
by soldering and hammering in a similar manner, 
articles are in general finished of a beautiful co 
Jiroduced by the application of sulphate of coppi 
Roman vitriol, previous to the planishing or bumid 
Every person conversant with the most ordinary 
linary operations, has noticed how often liquids, ( 
cially milk, is spoiled, by what js called " bumin 
the saucepan." To \ixeyeiil this evU effectually, C 
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Rumford rMomniCTuti double botioinB to all boileri and 
wgcepuiE Dsed in evoking. •' The heal," he obeervet. 
"iiM much obatmclcd in id passage through the ihin 
'ibcn of Rii Hbicb, notwithstanding all the care which 
Vtf be iaken to bring tha two bottoniB into contact, will 
■dD lemain between (bem, that the second has time to 
in la beat aa fast ai it leceivea it, to the flnid in the 
Jtikr; and consequently, If never acqaires a d^ee of 
Mit Ktffident for burning an; thing that may be upon 
"V He 8Ugge«8 the expeiiiency of doubling small 
f(|ipn saucepans and kettles throughout ; and ai this 
tMJ be done with a very thin inner sheet of metal, the 
M would not be much, even if the lining were of 
iStB, ^Flien the two sheets of metal forming the 
.wble bottom, are made to touch each other throughout 
I7 hammering, they may be fastened together by a few 
" rivets, and afterwards be tinneil, by which latler 
don the edge of the fake bottom may be Eoldered 
k die sides, and tlms the water, or other liquids put 
ifato the boiler, be prevented from getting between the 
( llro bottoms. 

I Capper vessels, when not very large, and particlUstly 
K intended to hold liquids, or dress food fur human 
l;S»t«nBnce, ate tinned inside. This is easily done, by 
I bri^tening the metal, cither by means of scraping, or 
IttUnng it iriih sand-paper ; then nioisiening it with a 
tdatioil of saUammoniac, after which a quantity of grain 
tin IB thrown in, and the vessel moved about over a 
Boderate Gre, until the mixture is melted, when the 
[mide may be rubbed with a handful of hurds, to dis- 
tribute the tin more uniformly, that portion which does 
not adhere being poured out. In 1770, a Scotch brazier 
tbbined a patent for s method by which the tinning 
WBs to last ten times longer than by the common pro- 
eee. His plan was, la rough or "freeze" the copjier 
by hammering on a stake having the surface cut like a 
ffle, then upon this grain to tin it as above described, 
and afterworda to give it a coating of an alloy composed 
of one pound of grain tin, and half a pQUUd ai 7ATi<: ot 
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Rpelter ; the article then to be planiihed bard and n 
inside, mul IsEtly, polished with whiting. 
tempts hare been mule, and some patents obt«ined| 
Bupersede the tinning of iron and copper vi 
eerlain class, as used for culinary purposes butw 
beneficial results. Amongst other alloyg, the p 
metals have been proposed, and more particnluj 
process similar to enamelling. Although injuTioua 
even fatal effects have undoubtedly Mmetimes ret! 
from the use of culinary Teasels of naked or badlf j| 
ned copper, yet instances of this sort are very u: 
mon ; and the late professor Proust, in 
on tinning, has shown that the danger is by n 
BO great or so general as to excite much anxiety^ I 
when vinegar nnd other acidulous liquids 
Indeed, the daily use of brass pans and copper M 
pans, for preparing pickles and conserres, by ■ ' 
proportion of the population of this country, m 
without attendant ill consequences, shows that 
matters are not suffered to remain to cool in thi 
no danger need be apprehended. Unctuous solutioii* 
are most liable to become impregnated with poisoiwui 
verdigris if left long in untinned brass or copper toidf- 
Sir Humphry Davy asserts that meak soIntiDni 0^ 
comraon salt, such as are daily made by adding a 
salt to boiling vegetables and other eatables ie 
kitchens, act powerfully on capper vessels, although 
itrong ones do not affect them. 

Sheet copper of the lineit and purest quality is iD 
extensive demand with the engravers ; and this, noU 
withstanding the large use oF steel plates of late yeli* 
among this class of artists. For this purpose, tbe ■ 
metal, rolled to different thicknesses, so as to suit the I 
sizes of plates, is sold by the maker to the London ' 
dealer in copper plates, who cuts it according to liii 1 
convenience, planishes it, and gets up the surface in < 
that beautiful dead smooth style admired by the en- ' 
graver. Cylinders of copper, either cast or drawn upon 
iron rollers, are used in caUco.\irinting ; ihej are turned 




mtUt hAe, KCBviB^ tt the 

w mj drcnJiv tiaei tai^dcd I* ykU itripM «f 
- r whiefc the '_ 

Tbow rir^at itrin tt f fcnwiifc «- 
r fjfadet cdM nntiiig are pradwed 
d qdindns of ihtt dncf^KiM^ bst genenDf 
I copper tllov tunilir to gaa ibcoI ; and. 
iwekl of being charged with colour, tbey are krpi hot 
ti) mnns of a healer icndc, and are tnad« to revolve, 
iddeiable degree of prnniTe. againit CTlinders 
Mnposed of a great numbCT of tfaickDeaaea of uifl 
piper pasted upon an iton axii. Copper ii A^uently 
dn«D into rabee for the baireli of ptunpa, of which the 
Ml of the body a lead or cast iron : in wme instances 
■ho the worldag cylinder! of small, and the air-patnpi 
of large, steam-engines are lined nith copper, the insiilea 
klDg worked trae and imooth, by means of a wooden 
ttmeal head, fixed on a rcTolving shaft, and aimed 
*iQ) atee) cutters, aa in the boring of cylinders. 

It has already been obcerred, that sheet copper is 
lirgely used for sheathing, or covering eKlemally the 
boKoms of ships, in order to defend them from the de- 
predations of marine animals, ai weU as to preserve them 
generally from decay. The sheets applied by ship- 
builders for the above purposes are of various sixes, and 
nrfied Ut different thicknesses; the sheathing of a vessel 
being laid on thicker where most exposed, and vice 
versa: tweniy-lwo ounces of metsl to the square foot, 
it reckoned a very stout sheathing. The pistes are 
fastened to the keel and planks hy means of copper nalla, 
nhicb, as well ss the butt bolls, keel staples, clench- 
rings, deck nails, &c. ought to be cast, the metal being 
considered strongest in that state. Notwithslsnding, 
however, the great advantages of applying copper to 
the covering of ships' bottoms, the decay of the metal, 
ftom the peculiar effects of the salt water, is very rapid, 
and consequently the cost ia E^eat Vessels without 
»pper sheathing are often found, especially a£l« Vow?, 
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TOfBges, to return tlogged with such prodigioi 

oi^aniaed and otherwise, as malerially t 
ftfiect their Esiling: and hence the least inconveoiene^ 
is, that thef require to be frequently dry-docked, that 
the barnarles and other a<JheBions may be knocked offi 
ati operation which is not repealed without loss of timfr 
and injury to the ship. The corrosion of the copper 
prevents any regclable or animd organisations frcm 
forming. 

The use of metallic Eheatliing for the protection of" 
ships' bottoms against the ravages of marine worms ii 
of ancient date. The galley supposed to have belonged 
lo the emperor Trajan, was sheathed with sheets of lead, 
which were fastened with copper nails. The same 
metal wiie also used in the earlier periods of our naval 
history. In the year I67O, an act of parliament wai 
passed, granting unto sir Thilip Howard and Froncii 
TVatson, esq., the sole use of the manufacture of milled 
lead for sheathing ships; and, in the year 1691> twen^ 
. ships had been sheathed with lead manufactuKil by 
them, and which was fastened with copper nails. The , 
discovery of galvanism, and the singular application of 
one branch of it, as about lo be mentioned, has made 
. it worthy of remark, that (he circumstances which led 
lo the disuse of lead, were, the rapid corrosion of the 
metal, from the formation of a voltaic circle. In the 
I year 17f>t, copper plates were lirst u^ed as sheatbinf; 
on the Alarm frigate, of 32 guns : two years afterwards 
\ these were removed, when the iron bolls beneath the 
copper were found to be much corroded. A Kami 
vessel underwent the operation of coppering in 176&, 
1 third in 1770, four in 1776, nine in 1777; and in 
tlie course of the three following years the whole Britich 
navy was coppered. Some notion of the quantity of 
metal used for this purpose may be had from the fact 
that a single ship, the Neptime of ISO guns, launched 
at Portsmouth in lesS, was cased with 473S sheets of 
copper, weighing altogether 17 tons 19 cwt. 

The expense attending itie aUeuUin^ of ships with 




MCMierl, anil a 

bopt af obiiadDg the e*iL 

n eiHdeni remedy, the atml Jt fi ow f i wt At 
{imniineiil requotcd, in the hmt fmrt »t dv ytm 
1823, the idnce of Ibc ptoUnt M»d Cioal of *e 
, , lla;>l Society, •■ to tl 
nppn- ibeeu, or of [ 
^nit ihe eomm-rr tSeetM ofcsidMiNt. Sir H. Vvj 
cliugecl himwlf with thii inqmry, dv roahi of wUtb 
becoiDinuDirated to the Bo;*] Sedety, ia three dJww* 
lOeinDin. The fint wu read i> Jmnair, 4ad ifce 
MtHid b June, 1 824 ; the tUnl nd laH m Jmw 1 825. 
Doctor Paris, in hii inlerettiBg " Life nt at Hhm- 
rtry D»»y," and from whidi wott die fawgo in g p»- 
linilan are taken, aemrly tcttatim, CMhn at lengdi iam 
ibe chemieal as well aa the practkit <k(aib ud NhIb 
It Ihit intestigalion, nndoobUdly Me af the mMt ■■• 
Mnling in which modeni taentiSe Ktcir t b km km 
fflgaged. " A very general befief peeraHed," nyi Dt, 
Puia, " thai eea water had link or no ictioii on yw« 
VpptT, and that the rapid deca; of thai metal on cer- 
tiio diips was owing to its impurity. On nibmilting, 
Werer, variotu spedmena of copper to the action of 
Iter, Sir H. Davy came ta a conclusion in direct 
Oppoiition to such an opinion. In two imtincei, the 
upper (from the Batavier and the Plymouth yacht^ 
which had reraained perfect for iwenty-se<en yean, 
was found to be alloyed. In the fonoer one, there waa 
D alloy of one three hundredth part of line; aoit, in 
the latter, the ESnie proportion of tin. On the other 
hand, in the case of the sheathing on the Tartar's bot- 
tom, which waa nearly deetrojed in four years ; upon 
being mbmilltd to chemical examination by Mr. Phillips, 
it was found to be very pure copper." Mr. Knowlea, 
die author of an " Inquiry into the Mesne which hare 
been taken to preserve lie Britisb NsTy," intoimei 
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Dr. Paris, in a coDversation on the subject, that the 
attempts lo purif;r the metal, since the government bas- 
in Hiiufac cured its own copper sheathing, has been the 
cause of its more rapid decay. It appears, indeed, aa 
the ktter remarke, " that the relative durability of the 
metallic sheets must aleo be influenced by circumstances 
wholly independent of their quality, some of which are 
very probably, even in our present advanced slate of 
chemical knowledge, not thoroughly understood," These 
Btatementa, it has been discovered, are not strictly true. 
Small particles of iron or of silver distributed through 
the copper quickens local action and general corrosion ; 
pure electrotype copper resists the action of salt water 
for a long period. 

From experiments made by captain James, R.E. 
in Portsmouth dockyard, these results have not been 
confirmed. He exposed measured pieces of copp^ u 
the action of sea-water, and the following result shows 
the value of employing very pure copper, or a pecnUal 
alloy, as that of phosphorus, first prepared, by Dr. 

Electrotype Copper, Loss per equare inch 1'4 

Copper containing Phosphorus, „ '0 

Dockyard Copper No. )., „ iflS 

Ditto No, 2„ „ S'OO 

Ditto No. 3., „ 2-48 

Diito No. 4., „ a'33 

Munti'E metal (a brass), „ 0-95 

After a aeries of experiments founded upon and 
strikingly confirmative of his electro- chemical theory, 
air Humphry communicated the important fact of his 
having discovered a remedy far the evil of which they 
bad complained ; and that the corrc^on of the copper 
sheathing of his majesty's ships might be prevented by 
rendering the copper eljctro-posiiive, by means of the 
contact of tin, zinc, lead, iron, or any other easily ox- 
idable metal ; and that he was prepared to carry his 
plan into effect. In his second memoir on this su^ect, 
aJilreased to the Rojal Society, sir H. Davy states, that 




unuftoe, 
Mppsr; *ilb I 
fie, lilt copper naderwat a Im« ti 



Fmaralrlj, in dw « 
hat cast mm 
•oi! mosi ouilf pncim^ 
llieprolectioa of copper. It kite bap 
inn til zinc ; aiid the pliiBtagiaM* 
ii le^ bf the action of Ma vats ■;■ 
origintd form of the iitMi, mi dos tm 
UmJ action of the ronaiaiag BMtaL' 

In the month of May, 1SS«, ife 1 
miraJtj, convinced of the 
tbe copper bj Toltaie lew 
ibMtliiDg of ail hii taa)( 
liken into dock, upon tfae 
phry DaTjt, " The proucun," m;* Dt. 
IE of iron ux inches wide at A^ hME, 
thickness at their cenlfe, and, in 
segment of an extended tirdt. They 
placed on each side of (be riiip in s ' 
yis. in niidships, ahoat three lect 
keel, in a line with lbe*e ; and Ae 
and after parts of the ship (abaal 
hue of flotation), as far fotwwd 
vatures of their respective laiilni 
lying Bu upon the sar&ce of ikc 



Iikei 

I pW 

I itn 

I inth 

■epn 




■bout the b^t possible CMitact of aB Ac 
their edges, which Up onr eadl 
are driven through them inm A 
btight, first with sand-papcT, ai 
paper. Shortly after the dnp* lb 
to Eea, it nas evident to all ad Inard, 
awling, that the bottom! ' 
on being eKamined in dry 

:r was complelriy covered «id> 
» kinds, »ad mjriadt ot Hnall 
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Upon their removal, however, il was found, on wdghing^ 
the sheets, that ihe eopiier had auiTered little or nc^ 
loss; thu8 proving, that althoagh its practical appUcB— - 
tion had failed from unforeseen circumstances, the prin- 
ciple of protection was true, and had fully juatijied ih^? 
expectation of its success." The ultimate issue of thiiV 
tnily ingenious and philosophical application is thus !»"-■ 
corded by Dr. Paris: — " The disadvantages which aris^ 
from the foulness of ships' bottoms, particularly whe^ 
on foreign stations, where there are no dry docks t^ 
receive them, are so serious, that the government wis 
obliged, in July, 1825, to order the discontinuance oF 
the protectors on sea-going ships ; but directed that 
they should still be used upon all those that were laiA 
up in our ports. When, however, an examination of 
the latter took place, they were found to be much mole 
foul than those which had been in motion at sea: shell- 
fish of various kinds had adhered to them so closely, 
that it was even necessary to use percussion to remove 
them, which not only indented the copper, but in tamj 
instances actually fractured it. Under all these dis- 
couraging circumstances, the unwelcome conviction was 
forced upon the agents of government, that the plan 
was incapable of successful application, and it was ac- 
cordingly altogether abandoned in September, 1838." 
It may be added that, although vessels arc still cop- 
pered as before, yet, so lately as the year 1t(3S, a ship 
intended for service was ordered by the lords of the 
admiralty to be sheathed with lead instead of copper. 

The importance of the object to which the foregoing 
Inveatigation was directed, has led to the trial of varioiH 
alloys designed for the same purpose: some of these 
have been already noticed. In 1631, Mr. Uzielli ob- 
tained a patent for a process communicated to him by 
some foreigner residing abroad, the object of which wbi 
to give ductility and malleability io an alloy composed 
of copper and tin solely, or which should be so far free 
from admixture of zinc or lead, as to be harder and less 
liable to oxidation flian ^ute co^^t 
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grained, instead of cryslalliGed and with facets, i 
appeared when flrBt cast. With tiie proportionB b 
recommended, [he close and fine grained texture £ 
rally tabes place after twelve or fifteen operatuHl 
atinealitiff and cold rolling. After the I 
alloy becomea thus changed, it ma; be heated i 
rapidly and to a higher temperature, and when p 
rolled, so as to lengthen plates, which when i 
of two feet length, six or seven inches after eadi^ 
Dealing. The plates, or sheets, as they may n 
wiled, may then be bent up and rolled double, ; 
usual manner of rolling brass sheets, but c 
always the precaution of rolling them in 

Mr. Muntz of Birmingham has a patent for n 
bolls and other eh ips' faateniug! and sheathing of an 
of zinc and copper, in such proportions and of such q 
tics, as while it enables the manufacturer to roll and IB 
it at a red heat, and consequently cheaper, renders d 
tides made thereof less Uable to oxidation, and of a 
more durable than those made in the ordinary n 
The patentee thus describes the process of manufaei 
— " I take that quality of copper known ii 
by the appellation of 'best selected copper,' and^ 
quality of sine known in England as ' foreign zine,'l 
melt dtera together in the usual manner ii 

IS between fifty per cent, of copper to fifty per « 
zioCj and sixty-tliree per cent, of copper to thirty- " 
;n per cent, of zinc, both of which extremes, and 
lU intermediate proportions, will roll and work at ami 
heat: hut as too large a proportion of copper increase* 
the difficulty of working the metal, and too lai^e a pro- 
portion of zinc renders the metal too hard when cold, I 
prefer ihe aKoy to consist of about eixty per ceaU ot 
copper to forty per cent of zinc. This compound ] cast 
into ingots of any convenient weight, and then heat iheta 
to a red heat, and roll or work them while at that heat 
into bolts and other like ships' fastenings iu the same 
ner as copper is rolled or worked, but only taking 
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Ifing alTcr, Iwe bees Iskr kno'vx. k havt iifo t-triMif 
Utadou cT ^ud. Ii v^'aJso ?eftdi:T be bebrtvsi. thu 
mam otuamkkj id ifae ^veomK loerj^ Hit r\'«2joii^ 
idiollj or in pat of die &raiinB z&^ieriU. vooud in 
naie imun ee s be fimaed cpcv ibe ipisnzii or the 
imwaiyy as indeed tkej fsiU ire. Is the reiirn of 
ViSiani IIL fooae sea verepieed, cikirig it felory t.» 
blandi eopper in imitaaoD of gQtct. or mix it «r.h 
■Iver for ide ; and the nme of metals beaner \\.x\\ 
dTer, made to look^ fwL or wear like pokL but which 
vere wofie than itandard. The component ingretlienis 
of thete imitatioaf of silTer differ, acconiinsr to moilot 
■dppted by diffiaent artiaans^ to suit their respective 
pnpotes. 

According to a paper published some years ago in 
Schweigger'f journal^ white copper, strongly reseinbling 
alrer, and exceedingly malleable, had long Ixvn ni«- 
Dii£utoied into spurs and similar articles at SubU 
in the duchy of Saxe Hildburghausen : it was sniil 
by Keferstein to consist of the following component 
parts: — 

Copper - • • • - 881XX) 

Nickel - - - . - H-7»'i:l 

Sulphur, with a little antimony - - 0*750 

Silez, clay, and iron - - - 1 '750 
TOL. III. O 



Vyliile copper, as we have already stated, i 
Biiil liighly esieemeii in China, ftoin whence it i 
gled into various parts of the East Indies, where, ui 
the denomination of packfang, it has been someti 
mialftkenly identified with tutenague, from wbidl, 
however, it wholly differs. Dr. Fyfe, who analysed lb* 
Chinese white copper, describes & basin of it w 
proaching to the colour of Bilver, and so very sona 
that on being itruck with the Angera, the BOundiB 
be heard at the distance of a mile. It was malleaU 
a natural temperature, and at a red heat; but wbe 
liealed to whiteness, it became quite brittle. It 'Ml 
found to consist of about one half copper ; the otbc 
half conristing of zinc and nickel in nearly equtl pB 
portions, with a very small quantity of iron. It 
China about one fourth of its weight in silver. 

Ae the manufacturing of the ordinary sorts of Hqcuit 
taps is generally the work of the brazier or the coppeF' 
smith, the method of making them may be here inUA' 
duced. Although sometimes cast of fine brass, and gA 
up in a superior style, the bulk of them is composed ^ 
inferior brass, or rather of copper, so saturated Ttvii 
lead, that on exposure to but an inconsiderable degW 
of heat, the latter ingredient readily oozes through ibt 
pores of the mass. Crude lead does not anialgMnif 
with copper in the composition of cock metal: 
therefore arsenated, or " killed," as the workmen lewl 
it, as in the method of preparing it for shot alteadf 
mentioned. Cocks are moulded, previously to cutlDg ■ 
them, in boxes of sand ; the plug and the barrel frofli 1 
separate models. The latter, instead of having alon^- I 
tudinal perforation, with a lioUow space across it. fC I 
the reception of the plug, as in the finished article, hu I 
little knobs or projections, which make impressions 'i 
the sand suitable t« corresponding p^ on the core, wliltll 
is placed in the sand, after the removal of the moileli 
where it remains when the metal is poured ii 
core, which is the exact counterpart of the inside of lli« . 
cock when cast, is formed of clay in the leaden moiild<( 




TVbuTcl, n 
It peiionted part in wbich Ae phii; •rork*. u made 
I, Utnljr imooth ind ilighllj tapering, bj ineui* of ■ 
I ^uidtangular steel rinifer of the proper farm snd tiw : 
I tomik? this tool cat smoothly, four spells of wood are 
'i placed against the ades: these, ithile b; filling the 
. CTlinder they cause the rinder to reToIre stt&dily, do not 
j interfere with the cutting edges, except to prevent them 
. tnm biting too keenly and jarringly. When this per- 
fcfation is finished, the plug is first carefully turned lO 
M to fit it, and then the parts are ground together with 
I little fine soft sand and oiL The outside is got up 
bf filing, turning, and barnisbing. The perf^tion of 
die cock BE to workmanship as well as fur use, depending 
mainly upon the dose fitting of the plug, combined with 
Ibe ease with which it may be turned, verioas contri- 
nnces have been resorted to for this purpose. In the 
commonest kinds of cocks, the ping is simply rivelled at 
^ tower end ; in others, » screw is used ; and in some 
1 coiled spring ia added, at either end of the plug, by 
the action of which the parts are kept in contact, and at 
the same time smaathness of working is secured, fie- 
■idea the ordinary T plug, there are several made to turn 
only by the application of a loose key ; and others, with 
which leather or other descriptions of packing ire tised. 
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In I8O6, Mr. Cawoad, a founder at Leeds, obtained ■ 
patent for casting cocka of aoft iron : these are after- 
wards fitted with buehes and other parts of braas or beD 
metal, and attached by hard or soft solder. Cocla 
manufactured by the above method are not liable, as is 
often the caae with those cast of the usual compound 
metal, either to beeone cloggy, or to expand and con- 
tract cDDBiderahly nith each change of temperature. 
They are moreover readily renewed in the parte exposed 
to wear. " Common cocks," says the patentee, "when 
out of repair, are in general sold as old metal ; for when 
they are ground two or three times, the hole In the 
piston is GO low in the cyhnder, that it will not admit 
a sufficient quantity of 6uid equal to the bore of die 
cock ; hut in these plated cocks, when the piston ia 
worn too low, which will rarely be the case, owing to 
the superior quantity and hardness of the metal which 
comes in contact when in use, the piston or cylinder can 
he plated at a trifling expenae, and the cocks rendered 
as good as new : this, in large cocks, for which ihb in^ 
vention is more especially adapted, will be a grew 
saviug." 




compound meUl, of a jellow colour, and ihe 
tw of which is copper, the specific ingredient united 
with it being I/tpis calamiHOTis, an ore of zinc, which li a 
(ubonite of the oxide of zinc. Next to iron, brass it 
tt the greatest use in the modern arts and manufactures. 
Al il i« differently compounded or alloyed, it is more or 
In adapted for ttut amazing variety of purposes to 
*1iich it ia so exleneively and profitably applied. When 
to its purest etate from the fuuudery, it ia so soft and 
BuUeable aa easily to admit of being apread out into 
<lMeK under the rollers ; and it may be beaten out into 
Hiuel with the uiinast facility. Not only between the 
idleti, or under the hammer, is this valuable property 
^good brass exhibited, but especially in passing through 
Ilie whortle, whether for the formation of tubes, or in 
Oie drawing of wire : by these means, indeed, ila 
ifuctUity is turned to wonderful account ; it is even more 
t^ble of extension by ihe latter process than copper. 
Ur. Smeaton found that twelve inches in length of cast 
bftsi, at 32", expanded by 180° of heat, ■022.'i parts : 
bnit wire, under the same circumstances, expanded 
"OBSS. The expansion of hammered copper is only 
mOi, but that of zinc ii -0353, so that in this respect 
brass appears to bold a middle place between the com- 
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IgS BDASa AND BAOnZB, OBilP. 1, 

ponent metals. Braes admils of being stamped Of 
embossed, with a degtEe of etse which renders it inmm* 
parable iti cheapness and beauty for innumerable UEeM 
and ornamental purposes. It is, when of a harder com- 
poailion, the most convenient metal knaim for the 
making of large and fine, and especiaQjr of tubultr, 
screws, as, notwithstanding its compactness of texture^ 
it is wrouglit at the lathe with an ease greatly supetiw 
to that of any other metal, tin excepted. Hence, for 
horological works, and mathematical instruments gene- 
rally, fine brass combines the qualities of tractabUlty in 
cutting and durability in wear, to a suipiising degree: 
at the same time that it yields most favourably lo the 
tools of the turner, it is often bo hard as to resist almoBl 
any pressure to which iron would not yield, and n 
compact as to receive, when required, a very high polisli. 
which, added to its colour, justifies its pre-eminent place 
among Ihe common metals. Alloyed with tin, te»M 
becomes a sort of bell-metal or bronze, extremely hard, 
frangible, and difficult to be cut ; or it may, by admix- 
ture with lead, be rendered soft, as in the compound 
usually termed " cock metal," and which is used in the 
mannfacture of the cheapest descriptions of taps. The 
brass of commerce varies greatly in species and value ; 
but it IB still further diversified in composition as it 
passes through the furnace of the local caster, so that 
the colour and quality are often deteriorated below even 
the price itself. The distinction between braas and 
bronee should be marked. The former is copper and 
zinc ; the latter capper and tin. 

In no respect, however, does modern art reqtiire to 
have brass made of such hardness or composition as to 
serve any purposes of cutting, as we have seen was the 
case with some ancient nations : nor was this a£e of the 
alloys of copper confined to the larger or coarser tools; 
for, among the most curious discoveries of metalijo 
articles in the excavations of Herculaneum maj be 
mentioned a set of chirurgical instruments of bronre. 
Swords of bronze have been found in the bed of the 
Thames, and spear heads and other weapons of the 




pMem of lunlarigig toffa, vithou MlditKHi, except 
Ij lanneering it, wUdi, it w weD Hndrretood. cui 
jniaee tbe required hardBfac Ai to aUoTing the 
V^ipirwiib iron, dw dmimi bm odIv ippein abnird, 
Mmnippaned bj erideoce. Dr. Lort, in ■ paper on 
fdlt, printed in the Archcologu, huldx the opinion 
fimtrif cnrrent. " It sppean," says he, '' that the 
tt had an art of Iciapering and hxrdening hnta 
tt t givalCT degree than i« done si preteol; or, perhapa. 
thin is Decency <o be done." Of the same opininn 
*uAat experienced enquirer. Dr. Priestley, who isserta 
All "the ancients had a method with which we are 
UXwell acquainted, of giving to copper a considerable 
of batilnen, so thai a sword might be made of 
it with a prelly good edge." Pauw goes funher when 
tie leiU us that the aboriginal Americans were in piw- 
I of ihe secret of giving a temper to copper equal 
IpiteeL Analytical examination proves that ihis has 
'm invariably effected by the mixture of tin, and ■ 
meen of hammering the resulting bronze. 
In the PhOosophical Transaciions of 1796, there are 
Mriea of observations, by Dr. Pearson, on some Mi- 
^t metallic arms and utensils, which had been found 
in the river Witham, between Kirkstead and Lincoln. 
Of these articles, a lltuus. nr crooked musical tube, a 
■pear head, a sauurpan, and three celts, were of bronze. 
These celts, in common wiili many others that have been 
bund, are supposed to have been cast ; the more ancient 
of flint haling been used as the models. " 'J'hey 
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were, probably, "says Ih-. Pearson, "instniioentsusedlj , 
the Britona, Gauls, or Celt^. The learned do not igTK 
whether the celts were of Roman workmanship or DDt| 
nor to what particular UEea they were appUed. AcNul- j 
ingly, Eome peraonB have supposed that they were thel 
offbnBive weapons of our ancestors ; and others tire i 
Bupposed that they were both the oSeneive nilitu]' 
weapons and civil inatrumenta; but the most prabablc^j 
opinion ia, that they were merely domestic Eool<. Mufl 
of the celts are cast after the model of etane impkineaB, 
which are confesaedly ancient British or Celtic chopping! 
instruments, and tools for making holes. Great quMi* 
lilies of them have been at different times discovered in 
England, as well as in Ireland, and some few in Franca 
Sometimes they have been found in heaps, as if the 
owner had, and probably did, throw them away bj 
basketi^ik, as things of little value. It has been very 
iagenioualy conjectured, that when the Romans came to 
Britain, they found the inhabitants, especially to the 
northward, very nearly in the same state as that in 
which the discoverers found the natives of the South 
Sea islands. The Britons parted with their valuable 
articles of food, rarities, and commerce, for metal tools 
made in imitation of their stone ones ; hut, in tim^ 
finding themaelvea cheated by tlie Romans, who mode 
theae tools of bad metal, of the shape of the ancient 
British stone axe, as the inhabitants of Otabeite were 
by the use of baae metals, they relinquished these tools 
when they became acquainted with those made of better 
metal, and according to the Roman patterns. Hence 
we Bee a reason for auch great quantities of celts being 
found among the Celtic nations, and not among the 
Bomana, excepting now and then a specimen, whidi 
may be considered as the tool or spoil of barbarian 
auxiliaries." It unfortunately happens for the writer's 
theory, that all the cells found are of the best bronse, 
and equally hardened. 

Continuing hia disquisition, Dr. Pearaoo obeerves ihst 
copper, alloyed with a somewhat larger proportion of 
tin than in gun-metal in general, i. e. to twelve parts at 
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e of the Utter, tSarda t mUetiti mitt- 
amlf bud md (trong for chopptng uwli, for many 
BHAd pnqMMs. Of the proportions of about nine 
fMi of coppo', md one of tin, diere iiTerj little ilmibt 
dundeat nations, who were acijtiaintcd with this alio;, 
Mmlly made their axes, hatcheti, ipadrt, chhela, 
Momers, &c. These mtuls, uniieil in the abore pro- 
I, afford the best substituli' known for the in* 
Kmments just mentioned, and now commonly made of 
tel or iron. " Accordingly, before the art of mann. 
futnring malieable iron ftom cost iron was known tit 
■U, or, St leut, prsctieed Extensiveljr, thai is, till within 
Ikw last 4O0 or 500 years, the alloys of copper b_v tin 
nut have been very geoerally employed. Copper, 
'a larger proportion of tin than ia generally 
euitained in celt metal ; that is, with one siith or one 
tnmih of its weight of tin, is fitter for cutting iiiilm- 
, and piercing, boring, and drilling tools, than 
Hit metal; because it ia harder, takes a flner eilge, and 
JW ii mfficiciitly strong on moat occasions ; nor do we 
'EOwess, at this day, any metal that I know, whicli is so 
Stta knives, swords, daggers, spears, drills, Stc. as tilis 
iQey, except iron and steel. The spear head contained 
(in in the very proportions here mentioned ; and if the 
metals had been pure, it would, perhaps, not have been 
possible to have miide tliis instrument of any other 
tnetali which were so proper, and at so small an expense. 
The saucepan nss also made of alloy of copper with tin, 
in the proportions last mentioned ; but, as this utensil 
U sufficiently hard with less or without any tin, there 
Memed to be no use for the addition of it. We may 
eoiyectare, indeed, that, as the saucepan was made of 
<t melAl, the tin was added for llie purpose of render- 
ing the copper more fusible, and thus, also, for the mora 
easily casting fonas of it. Perhaps, also, the tin wai 
added to make the copper less readily oxidable. 

Of all metallic combinations, as Aristotle was aware, 

ind as is well known to the makers of bell'mctai, 

ibit of copper with tin produces an alloy of the 

jl.density, Copper, alloyed with tin, in a si 




Tthat larger proportion of the kller than i 
the compositian of gun-metal, affords a mate 
cietilly hard and strong for ordinary chopping^ 
and other iUEtruments. Of the proporlione, tha 
of about nine parts of copper and one part of tin^ 
seems to be but little doubt that all ancien 
quainted with these metals, generally made thei^ 
hatchets, spadet, chiseU, anvilc, hammerB, &c.; i 
metals, united in these proportions, would form tl 
Bubstitutes for the like sort of articles which t 
commonly made of steel or iron. Of aueh a 
us appears from the analysis of various bronze a 
dug up at different periods in this island, may we anp* 
pose the ancient implements, both domestic and warli^ 
to have been before the art of manufacturing malleable 
iron was known, or at least much practised. The ce- 
lebrated antiquary, Ralph Heme, gives it as his opinion, 
that many of the wedge-lite cells found in Tarioua timei 
and places were Roman chisels, with winch that people 
used to ihape the stones used in building their camps. 
This, he asserts, is not conjecture only, as appears from 
the columna Trajana, where the soldiers are represented 
polishing the stones for the Roman tents in the Daciu 
wars, with such sorts of chisels made of bronze, which 
they beat and worked iuto the stone and other materials 
with mallets of the same metal. 

Although there can he no doubt that, by the terms in 
ancient authors, usually rendered brass by modEm 
translators, copper, or some of its alloys with tin, must 
generally be meant in the original, it must by no 
means be supposed that true brass is of recent discovery. 
Bishop Watson, indeed, was of opinion that it is iden> 
tical with the orichalcum of anticjuity, Aristotle men- 
tions a kind of brass ; and Pliny is supposed to allude 
distinctly to a compound of copper and zinc ; while 
the explicit descriptions of other writers, and the pre- 
aervation of various articles prove, that the world 
has long been acquainted with this valuable product 
of our mines. The ancient Britons, there can be 
bo doubt, long trafficked with the Romans foi copper 



d brasB, irilhout luppoung tbat tlidr omi isJaiiil 

ight be found to jietd both in (IhuiiIuik. Wbetber 
It celts, which have been fimnd in lucb mimben 
in Engluid and Ireknil, were purchued of foreign- 
m, DT cast b; the ialuiden theniKeives, from tlw 
Bint models which they so much resemble, ■ntiquariea 
lie not sgreed ; it is, however, no vialent preiumptioa 
tinppose that the naCiveB of Britain, so well acquainted 
Wlh metallurgic operations in Cornwall, would not he 
■Itw to mix their own tin with the itnpOTted copper, 
nd, finding the hardneaa of the compound bronze, lo 
cut it into those sitnple shapes in which we find their 
IcKqns, and for which clay moulds vonld be m> etxHj 
imptred. Of the composition of hrais, however, il Ji 
HI likely they knew any thing at h11 ; nor that, of the 
ntti th^ might procure by barter, in the condition of 
tnomenis rather thin utensils, is il to be supposed tbej 
wold seek to alter the form by casting. 

Brass was certain!; made for a long period, before 
Hie calamine earth employed in its manufacture was 
hiawn to contain nine. Prerioits to the establishment 
i>r Christianity in the Roman empire, the architects 
vnotig that people are said to have bad recoutse to cast 
TDrks of brass in the decoration of their public build- 
ings ; the vaultings of many of the temples in Rome 
having been relieved in their lacnnaria by paterc and 
Other ornaments of brass or silver. At the restoration 
of die arts in the fifteenth century, and, indeed, before, 
of these articles were removed for the sake of the 
metal, by the order of different popes, who bad tbe 
most ingenious artists employed for the adornment of 
(he many churches then erected under their auspices. 
Brazen monuments subsequently became exceediugly 
cotamoTi throughout Christendom. Previous Co the 
Beformation, large quantities of sepulchral brasses were 
imported into this country from the Netherlands, Few 
ef the walls or the floors of our more ancient churches 
failed to present some quaint portraiture — : 
whole family — rudely but spiritedly delineated, 
fiweiM cross or crosier, or some flowing label 




So 



S04 BHAGS AND BRONZB. 

irith angular letters, and carefuUj embedded il 
Some of our cathedrals were in this way onunH 
with a profusion of brssE garniture, t 
would scarcely be conceived by those who have puj 
atlendoQ to the subject. The zeul which a" 
displayed itself in the destruction of popish n 
found a ready excuse for the indulgence of cupidil 
stripping away these brazen treasures, in 
they were symbols or sentiments of the d< 
ligioD. " The cursed lust for gald" of the Roman fl 
ivas witneseed in respect of brast in another age ■ 
nation ; rapacious hands in this Christian oountry,f| 
under the colour of a holy cause, tearing fr[»iiS| 
gravestones hundreds of sculptured brasses, will ht ~ 
he supposed to have discriminated very predsely b« ' 
those which bore the offensive " Orate pro ai 
others of a more hwialess but massive character. 
of these early plates, however, have been piesQ 
and many otliers have been added in subsequent 
As belonging to a superior class of workmanship, tbft 1 
brass raihng around the monument of Henry VII., in j 
Weitminater Abbey, presents a splendid specimen o( I 
the brazier's art, as displayed at a time when the know- 
ledge of the methods of working in brass was in general 
but little cultivated in this country. i 

At whatever period the knowledge of the compoution 
of brass, or the arts of working it, might first reach 
this country, we owe, as Dr. (afterwards bishop) Watson 
justly observes, not only our flourishing copper tr»de, 
but our extensive brass manufactures, to the wise policy 
of queen BUzabeth, in granting great privileges to 
Daniel Houghaetter, Christopher Schutz, and other 
Germans, whom she had invited into England in order 
to instruct her subjects in the art of metallurgy. An- 
derson, in reference ID this matter, states that, in 1565, 
■ the queen, after reciting that she had theretofore granted 
licences to certain Dutch or Germans to dig for aluin 
and copperas, as well as for gold, diver, copper, and 
quicksilver in several counties, granted two exclusiva 
patents to Htunphreys and Scbutz (who had brou^t 
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-into Eoglaiid vpwirdi of twentj fbreqexi worfanei} « 

^ tnd setrdi for tfaoK meals, amd abo ifar txa aad 

kid, and to refine tfaennieiB En^daad. aad vidtfa ae 

En^^ pale in Iidand. Tfaii u the or^zn d wkat 

im known ao wdl afle tw aiJa aa die cfcstcr for cfae 

ndnes royaL She, abo, in the aame T«sr, rnastd ±aa 

''die lole uae of the ealamy atone, for eoepOKixc cf 

I mixed metal eaDed lataen, and all totm of baserr 

voiki, caat worka^ and wxre.** Three jean af&ervarda, 

die incorporated air Nidiolaa Baeon, lord keeper of die 

gnat seal, Thomaa dnke of Norfolk, asd kAst^, ;?crshr 

with the aaid Hnmphieri and Scfastz, br c« zjis:gt and 

detignation of the Gor e i u oi a , Aaaiataati. r^i ^^jhzj of 

the Mineral and Battery VTorlo. The braai voHb^ ax 

Bi^tiat MiUa, about a mfle nortfa-^a^ of tbt dij of 

Bristol, waa the first m inufac t o ii of ihax meul tgs:^ 

Uished in this eoontry; a large hoizK aad expvon trade 

is still carried on at that place, as we£ as as MaspMs- 

field, in the. same neigfahoorhood. 

The charter of inoorporsdon abore ajrcrted to. was 
made a pretence for a copper bobble, in die famous 
year of specnIatiTe insanity, 1720. Scivs aft^wards 
William Wood, one of the most noted projectors of his 
day, published a quarto pamphlet, entitM " The State of 
the Copper and Brass Manufactures in Great Britain,** in 
which publication it Is stated, that about 30.000 people 
were at that time supposed to mbslBt by those manu- 
factures. He also renaarks, tliat those metals were re- 
fined by pit-coal alone. '' We hare,** aajs he, '' plenty 
of lapis calaminaris for making brass. Coi^>er ore is 
found in many counties of England, Wales, and Scot- 
land: and this nation could supply itself with cop- 
per and brass of its own produce, sufficient for all 
occasions, if such duties were laid on foreign copper 
uid brasa as would discourage their importation, and at 
the same time encourage the aale of our own metal." 

The following is the brief and quaint account of the 
nigin of the Binnin^am brass works, given by Hutton, 
lie local historian : — " The manufacture of brass was 
ntroduoed by the family of Turner, in about 1740: 
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they erected workn at the eoutb end of CoIeshill'SI 
Under the black clouds wbich arose from this carpub 
tunnel, eome of the trsdes collected tlieir daily supply q 
brass ; but the m^or part nas drawn from the Macde 
field, Cheadle, and Brislol companies. 

" Brass is an object of some magnitude i 
of Birmingham ; the consumption is said to be (fl 
IS19) 1 000 tons per annum. The manufacture oEdF 
neeful article had long been in the hands of feirj| 
opulent men ; who, instead of making the humhkH 
for favours received, acted with despotic 
established their own laws, cbose their customen 
tected the price, and governed the market. In ifl 
the article rose, either through caprice a 
perhaps the former, from 72L a ton to 84/. 
was, an advance upon the goods manufactured, folia 
by a number of counicr orders, and a stagaatialiH 
huEtnesa. 

" In I78I a person, from affection to the U 
resentment to the maker, perhaj)s the latter, harasj^ 
the pubhc in the weekly papers ; eensured the 11 
trary measures of the brazen sovereigns, showed ti 
dangerous influence over tlie trades of the town, andtl 
easy manner in which works of our own might be ti 
Btructed. Goodoften arises out of evil ; this fiery m 
dipped in hrimstone, quickly kindled another fum 
Birmingham. FubUc meetings were advertised, a 
mittee appointed, and subscriptions opened to fill 91 
shares, of 100/. each, nhich was deemed a. suffidfint | 
capital : each proprietor of a share to purchase 01 
of brass annually. Works were immediately e 
upon the banks of the canal, for the advantage of I 
water carriage, and the whole was conducted with die 
true spirit of Birmingham freedom." The old c 
panics hereupon sank the price from 84/. to 56l. a t 

The copper used in the manufacture of brass in this 
country, is in the form called ihot, having been granu- 
lated by pouring, when in a liquid state, into a vessel of 
water. The cidamine, or are of zinc, must be reduced 
o powder by nwans ot a ^-HeAA %usi\\Tt^-^'^«&i» 
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vbich it must be waihed ind sifted to free i: from 
Mrthy impurities, as well ai from the lad wiOi wtusi is 
Nfme form or other it ii freqoentlj foBZkd mixed. Tlum 
pounded^ the ore is mixed with broken charcoal^ or wiih 
small pit-coal, and thoroughlj caidncd ; the mass beiiig 
frequently stirred, and the actioo wnn'ir.t^int^ try Hjs 
burning of lai^er pieces of charcoal arrarjEed spoc aa 
open hearth, as the foundatioo of a stratified pije railed 
over the fire, by which the proceH is carried on. Tiie 
olamine, thus freed from volatile impurities, at well 
at moisture, ia further rcdnoed by irrinding with a 
mall portion of charcoal. In this state it » mixed with 
the copper, the mass being firmly oomprested is to a 
cradUe, capable of holding about I cwt. of the metal 
when melted. The coropoimd must now be exposed 10 
a degree of heat sufficiently intense to meat the copper ; 
bat as the balamine is tctj Tolatiie, it would almost 
entirely fly off during fusion unless the crucible were 
closed at the top : this is effected by luting it carefully 
with a mortar of sand, clay, and horse-dung. The pot 
thus charged and plastered OTer is ready for the fur- 
nace. 

The brass furnace is constructed so as to receive s 
draught from the ash.hole below, the cavity for xltt 
reception of the crucibles and the fuel, communicatinpr 
with the chimney by flues, to which dampers are fitted 
for the regulation of the heat. The form of this cavitv 
is circular, narrower at the top than the bottom : to the 
top is adapted a moveable cover, conEii»tiog of fire- 
bricks enclosed in an iron frame, and which serves the 
founder as a sort of register, to increase or diminish the 
intensity of the fire by the admission or exclusion of 
the air. At the bottom of the furnace is a strong per- 
forated plate of cast iron: upon this the crucibles, 
charged as above described, are placed ; and a quantity 
of furze, heath, or such like matters thrown in, to 
prevent the fuel from lying immediately upon the 
covering of the pots, which is thus allowed time to 
harden before the comhustion becomes sufficiently m- 
tense to dissipate the zinc. Considerable care la Te- 



qiUTeil in this respect, in order not to vaporis 
mine, before the copper iaina slate to absorb i 
ever, the copper, when kept at a red heat, combines 
the calamine ; »o,in the latter state, it melts much 
than before : but different qualities of the mineral reqi 
various degrees of heat. From ten to twenty hi 
according to circumstances, ere allowed for the co 
fasion and mixture of the brass in the furnace, 
crucibles on being lifted from the furnace, i: 
covered, and any scoria which may be Costing on 
surface of the metal is skimmed off, after which the ' 
tents are poured into cast-iron ingot moulds, 
receptacles, according to the purpose reijiiired. 

The following was the method of making brass pL_- 
at Stolberg, near Aix-la-Chajielle, at which place thm 
were thirty-eight manufactories at work, at the end w 
the last centuiy. These works were erected at Stolbeq^ 
on account of the proximity of rich mines of calamine) 
the immense quantities of copper consumed in ^ 
manufacture were derived from Norway, Hungitfi 
Sweden, Germany, and Cornwall ; that from Cott^ 
wail and Norway being esteemed the best. ThecraciU^ 
were composed of argillaceous earth, mixed with ^ 
fragments of old crucibles calcined ; they were 1j 
inch in thickness, 15 inches high, and Q inches iri<)i 
at the mouth. Into each crucible they introduced 4C 
pounds of copper broken into small pieces, 65 poundsd 
calamine well pulverised, and double its bulk of poundd! 
charcoal. Eight crucibles, thus filled, were placed ll 
one furnace, and a vehement fire of pit-coal kept Uf 
about them for twelve houis. A workman then laji 
hold of each crucible with a pair of tongs, and throwsB 
forcibly upon a bed of sand, in order to form a hol^ 
into which the matter is made to run ; the scum »M 
charcoal being skimmed off, the contents of the poi in 
poured out, and form a mass termed arkoat : it is bcaB 
of a coarse, brittle, and unequal texture, which mustb 
subjected lo a second fusion in order to be renderri 
perfect. The same cracMwi ate t'^^ain employed, and 
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U like gold letf, put oMm 

I low price for the s| 
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pieces, they are beaten i 
coarse books, and sold at 
Borts of gilding. 

ChcaiUe, in Staffordshire, hag long been noted fffi 
producing a tine yellow brass, particularly in the arllekl 
of wire, or in lai^e sheets, 3 or 4 feet in length, anil 
from 3 to 3 feet wide. These large sfaeetB are lolleJl 
from plates cast between two smooth granite tablair 
the undermost one having a raised margin of iron f 
confine the metal and determine the thicknces of th 
plat4?, in a way similar to that practiGed at Sialbiigi 
In Birmingham, the brass intended for rolling is 
into cast-iron moulds, the ingot weighing from i 
30 pounds ; and as this is frequently but httte extended 
in width during the laminating process, the sheet, vfeen 
thin, is often upnarda of twenty yards in length ; i( !* 
neatly rolled up in the manner of a riband, and tial 
with wire for the convenience of carriage. A greW 
deal of the Birmingham sheet brass, being composed oE 
shruff or old metal, with other economical ingredientt, 
is very inferior in colour and ductility to that &Dilt 
Cheadle : it is, however, much cheaper thajj the latlHi 
and will stand the fil-e better in soldering. 

Several compound metals have at different tjroel tx 
introduced to the notice of manufacturers as approadiing 
nearer to the colour of gold than common brass; to 
these at one lime were given the denomination of 
Tombac, as indicative of a mixture of a deeper redlbaa 
Pinchbeck's meial, which was very fashionable a 
years ago. It may be here mentioned that, among the 
various projects set afloat in 1678, under the patronage 
of prince Rupert, was one for the manufacture of the 
yellow brass afterwards known as prince's metal. Thi» 
was deemed so valuable a com[jound, that in the atwve 
year the well-known Temple water mill was erected on 
the river at Hackney, for the casting and boring a 
of this metal. 
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CHAP. XI. 

BRASS AND BBONZB FOUNDEBT. 

ttunrs OP copFKR ok b&onzp. — kilatitx QUAVTinis or 
Ural usxd im casting ouns, bells, and statues. — - re- 
xaikablx instances of mutation in some works of 

UOVZS. ANTIQUITY AND USES OF BELLS. REAUMUR's 

THEORY OF THE FORM OF BELLS. CHINESE GONG. — LARGE 

IILLS, — IN CHINA, IN RUSSIA, — IN ENG LAND. — DE- 

ICUmON OF THE GREAT BELL OF MOSCOW. — THEORY OF THE 

SOirOBOUSNBSS OF BELLS. — NEW FORM OF BELLS. FARTS OF A 

BELL. — ^ CASTING LARGE BELLS. — MENDING CRACKED BELLS 

BY EXCISION. BRASS CANNON. CASTING AND BORING. 

OLD FOUNDERY IN LONDON. BRONZE STATUES. — CORINTHIAN 

BRASS.— EARLY METAL EFFIGIES. GREAT SKILL REQUIRED 

IN THE CASTING OF BRONZE FIGURES. FORMING THE MOULD. 

— DRYING. POURING THE METAL. CAST IRON RECOM- 
MENDED FOR STATUES. — COMPOSITION OF BRONZE, AND PRE 
CAUTIONS RELATIVE TO THE ERECTION OF GREAT WORKS. 



Op compounds of tin and copper — bronze — differing 
from that produced by the mixture of zinc or its ores 
with copper^ may be here particularly mentioned bell 
metal^ gun metal, and statuary metal^ each of which 
is very often not only poetically, but popularly and 
eren in commerce, designated by the generic term brass, 
and of which meta], indeed, articles of the three above- 
mentioned kinds are sometimes really cast. These three 
classes of works constitute an exceedingly important 
item in the consumption of alloyed copper. The relative 
quantity of metal used in each department, however, 
varies greatly at different times. At present^ the pre- 
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ponderancy ia divided between the bell-fomider and the J , 

atatuaryj the balance being greatly in favonr of ih*' , 
. former, the perfection to nhich the casting and 
boring of iron ordnance haa been brought of late yeirli 
and espeeially the long-continued state of peace 'm ■ 
which this conntry has reposed, having rendered ibi 
founding of brass guns almost an esCinci mannfactoie- 
During tlie latter part of the sixteenth and fonna - 
part of the seventeenth centuries, immense quandtlN 
of metal were oonanmed in these arte. The eqoe* 
trian and other statues of our Jameses and ChBilews,H 
well 33 of WiUiam III., together with the ptH 
quantity of brass cannon cast during the wars of ihelut 
named monarch, might almost justify the appellatioa 
of " an age of bronze " to the seventeenth century. 

The fluctuations as to the relative weight of meul 
consumed for the above purposes respectively, and n 
occasioned by political or civil changes, are not moM 
surprising than some of the incidents by means of which 
the material of one work has been recast in the fomUP 
tion of another, as prejudice or expediency may hare 
influenced public or private opinion. Every one »• 
collects the tricic by which the fine equestrian statue of 
Charles I., now erected at Charing Cross, and said to 
have been the first ever executed io this kingdom, Wll 
preserved from the melting pot It was cast ia lfi33 
by a French artist ; but not having been erected on the 
breaking out of the civil war, it waa sold by auction by 
the parliament, with strict orders that it should be 
broken to pieces. Revais, a brazier in Holborn, pin- 
chased it, and advertised that he would melt it and make 
knife bandies, &c. of it. He, in fact, caused bronie 
articles to be made and exposed for sale at hia ihop, 
and thus made a fortune ; but after the Restoration he 
produced tlie statue, which had been concealed under 
ground, and it was erected where it now stands. An 
equestrian statue of James II., executed by an artist of 
the tiame of Sarson, under the approbatiou of sir Cbria- 




1 l^bs Wren, at in eiperiK of tOOL, fer *C • 

I KtWFutle-upon-Tjne, furd wane 

I dnign, while il was filed to ■ ttil 

I BKilation as to the ultimate me of Ai 

I I riM, when (bat town decUicd for tl 

I in 1688, the statue being an • 

I 1Mb, they fir»t threw it d 

I dn^J it into tfae iiTer. 

I if (nun the water, and on ' 

I Id one of which wu tdjoc^ed Ae mOl al 4 

I dw horse's l^B, the whole waa gt«^ M he Oi 

Itelk. 

I The appropriation of braa gBiw Isr dw caMi 

I Matnes is vei? common ^ and an al^jtct vWck «> 

I.Titiier on entering the prtmiaea «f Ae aniycw, 

Uiore fbrciblj than even the p«adcraMi hMb « 

UDuble, is, the tier of hme9 cnMd piM afc aM 

bf ihe yard, and ready to be ti 

Bi the artist may have occaaian 

famne an; of those flgnre* hia g 

kmse sUtue of Adiillea, io Hyit Pvfc, ■ 

kmonrof the Duke of WdUngUM, mJ Uabstvaa- 

Rictories with which ihe name of !■■ pate h M iMU 

loately aasocialed. 

I Some singalar instances of «M 

Men«d to bare also lalien place is f 

bis " Life of Napoleon," sUtes ihM d 

Hknaterlitz were not all made nae of U 

^ the Place Vendooie. 

Bnne to Napoleon to ^maad a score of thew csbim* 

in hia own tise. " What tfaeB," exclaimed the einpenir. 



"No," replied the dake de Gaeta, "not npoa 
t OD some Tillainous old machine* ifaat kill the 
n in the mint : and if y out majesty wiO give me 
b«f LheK cannon to reconstruct the beams of 
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the engines, I viU hive the name of Aoalei 
graved npon them." 

This appeal prevailed ; M. Gaudin had the i 
placet! at hia disposal ; and these engines a 
to stamp the heads on the coin of the present e 
of France. Of the casting of cannon from i 
bells we have many examples, parlicularlf in eoioe ( 
the provinces of France during the Revolution. 



The origin of bells, as connected with churches, iiiD- 
Totved in considerable obscurity : ecclesiastical, si wdl 
as other writers who mention the subject, repeat lb* 
early opinion that the first bells of this descriptilHl wst 
made about tlie year a.d. 400, at Nola in Campanitt 
from which places, it is added, they derived their Iiidi) 
names Noke, first used by Quinctilian, and Campo»^ 
a term adopted in the time of St. Jerome. The 
of these plausible derivations lias, however, been £i> 
piited in favour of the more n^odern invention of laige 
bells, of the existence of which, before the sixth cenr 
tury, it is contended we have no positive evideiu)& 
Bede first mentions large bells in England, about ihe 
year 67O ; and two centuries afterwards, they may be 
said to have been common. In S70, according to the 
historian of Croyland, one of the abbots of that relt^ov* 
house gave to the church thereof a great bell, which he 
named Gulhlae, aud afterwards six others, which were 
all rung together. Donations of bells were always ic- 
ci^ptable to monasteries and churches, and before the 
Reformation they were often baptiaed and named with 
great ceremony ; the crossing, blessing, lustration, &C. 
bein^ performed by the bishop. 

From the first, church bells appear to have been cB«t 
witli circumscriptions in relief, either containing the 
name of the saint to whom they were dedicated, or of 






ttie individual by whom ibej were presented ; in some 
eisel, mottoes or seDtences of moral import ap[>ear ; 
Iced, there is Ecareely » local history of any parish in 
le luDgdom, of nhich the monogrami, or legends of 
jibe belk, do not form an item, ^Vcever, in hi* " Funeral 
unentE," ffvea the following distich ai indicating 
K TuiouE uses of bells : — 



e of bells of a small size is of great anliquity, 
WiK only in the performance of the servicM of religion, 
btlt for other purposes; in the Jewish ceremonies of the 
nberaacle, and afterwards in the temple, bells of gold 
jktre taachiti} to the blue robe of the high priesL 
(bnong the Greeks and Romana, tinlianabnla were used 
te the purpoees of giving warning or of calling atlen- 
nm, mDcb as they are at present used by most of the 
liodeni nations of Europe. Of the form of ihete 
bcient bells, or the circumstsnMs by which it wat 
Htennined, we have no particular information. M, 
Beaumur has a curious observaiion on this subject, in 
be Memoirs of the Paris Academy. He assume* that, 
M pots and other vessels more immediately necessary 
br the service of life, were made before bells, it pro- 
lably happened, that the observing these vesBeUlo have 
i Mund when struck gave occasion for making bells, 
Ittended only for sound in that form. This, however, 
|e ronarka, appears not to be the most eligible figure ; 
briead, a metal which is, in ita common stale, not at 
U Bonorous, yet becomes greatly so on being cast into 
\ solid hemispherical segment, such as is found in the 
■die in which melted lead has been allowed to cool: it 
twbeen contended thatfif this shape alone can give sound 
lo « metal which iu other forms is mute, how mncli 
BOK must it necessarily give it to other metals naturally 
■I, in whatever form : and M. Reaumur observes, 
r forefathers had possessed oppottuaiiies of 
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^^^f b^ng Bcquninted with the sound of metalji in i 
I such would probably have been the form of Ol 

r present. Whatever may be thought of this theory of 

I ihe form of bells, the conclusion come to is ootitrary la 

t fact. It is true, a hemispherical piece of lead, U 

^^^V inconorouB metal when cast hollow, does ring a liciletill 
^^^H being struck with a key ; but a lump of brass, a mateiid 
^^^^P which is very sottoTOUs, in the ordinary bell fom, t9 
^^^H only shghtly so when solid. The Chinese gong is U 
I instrument of this class, though difiering in its form nO 

lesa from the solid hemibpheres of M. Reaumur, tbu 
from that of bells in general ; being shaped like I 
large tambourine, and produdng when beaten with t 
mallet, slowly at first, and then with rapid atrolcei, 10 
exceedingly deep sound. It ia a very brittle bdl raetil, 
I but malleable at a temperature much under a red beat ; 

^^^_ and appears on analysis to be composed of eighty parti 
^^^^^ of copper and twenty parts of tin. 1 

^^^^1 The largest bells in the world are, according to travel- | 
^^^^P lers, in China and Hussia; at NankJn formerly hni^ I 
^^^^^ four bells of such enormous size that, although not I 
swung, but only struck with a wooden mallet, ihejr 
brought down the tower, and have long lain neglecled 
among its ruins. One of these bella it about twelve 
feet high, seven and a half in diameter, and twenty- 
three feet in circumference. It has a swelling in die 
middle, but does not expand much towards the rim, 
where it is seven inches thick; from the dimensions of 
this bdl, its weight has been computed at £0,000 lbs., 
or more than double the weight of that at Erfurt, said 
hy father Kircher to be the greatest bell in the worliL 
In the churches of Russia there are numerous bells, and^ 
iome of them very large : one of Iheee, in the belfry of 
I St. Ivan's church at Moscow, weighs 127,836 lbs. Thia 
a the largest bell known, until Boris Godunof gave to 
i the cathedral of that city a bell weighing SS8,000 IIA 
F'This was again surpassed by the hell cast at the expenw 
VU' ihe empress Anne, and which weighs at the lowest 




433.000 lbs. This is ibe largest bell ii 

*ai!(l: ile height is upnartls of SI feel; dicumferrnce 
IKu the botlont] more than 6? feet ; greatest lliicknest 
i3 Inches, This bell is likevise on the gi'ound ; 
loctl tradition being, that the beam upon xhich it 
Bonded in the tower was accidentally burnt, in 1737; 
llii! (Biement, however, is denied by some trBvetlers. 
OJ it) fall, the bell suffered a fracture toffardi the bottom 
■BSdently large to admit two persona abreast without 
I Kooping. In Englanil llie biggest bells are Christ- 
dmreh coII(ge, Oxford, 17,000 lbs. ; St. Paura, London, 
11,474; and Great Tom of Lincoln, 10,8^4 lbs. ; the 
ktviest of these being considerably less than one 
tlfentieth of the weight of tlie Russian bell. 

The numberleEs bells of Moscow, says Clarke in hit 
IVavels, continue to ring during the whole Easter week, 
tinkling and tolling without harmony or order. " The 
large bell near the cathedral is only used on important 
occasions, and yields the finest and most solemn tone I 
ever heard. IVhen it sounds, a deep and hollow murmur 
vibrates all over Moscow, Uke the fullest tones of a vast 
organ, or ihe rolling of distant thunder. Tiiis bell ia 
aUHpended In a tower called the belfry of St. Ivan, 
beneath others, which, though of less size, are enormous ; 
it is 40 feet 9 inches in circumference, I6'j inches 
lliick, and it weighs more than 57 tons. The great bell 
of Moscow, known to be the largest ever founded, is in 
a deep pit in the midst of the Kremlin. The history 
of its fall is a fable, and as writers continue to copy 
each other, the story continues to be propagated; the 
fact is, the bell remains in the place where it was origin. 
ally cast ; it never was suspended. The Russians might 
■s well attempt to suspend a first-rate line of battle 
^lip with all its guns and stores. A fire took place in 
the Kremlin, the flames of which caught the building 
oected over the pit in which the bell yet remained ; in 
consequence of this tlie metal became hot, and water 
thrown lo extinguish the fire fell upon the hell, causing 
the fracture which has taken place. It reaches from the 
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bottom of the cave, wliere it lies, to tlie roof;-tj 
entritnce to the cave is by a trip-door, placed even '^, 
the Borface of the earth. We (Messrs. Clarke and Criji 
ibimd the sleps very dangerous, some of thent 1 
wanting and others broken, which occasioned i 
Bevere fidl down to the extent of the whole first fl 
and a narrow escape for my life in not being d 
apon the bell ; in consequence of this accident a 
tinel was stationed afterwarda on the trap-doorj 
prevent people becoming victims to their ci 
might have been as well employed in mending the at 
as in waiting all day to say tbey were broken, 
is truly a mountain of metal : they relate thai 
tains a very large proportion of gold and silver; focl^ 
while it was in fusion, the nobles and the people i 
as vodve ofierings their plate and money. It i 
tnitted to doubt the truth of tradilionRry tales, ' 
ticularly in Russia, where people are much dispoa 
telale what they have heard without once reflectii 
its probability. I endeavoured in vain to assay a 
part; the natives regard it with superslitious vi 
and ihey would not allow even a grain to be Sled g 
at the same time it may be said the compound li 
white shining appearance, unlike bell metal in f 
and perhaps its silvery appearance has strength 
not given rise lo a conjecture respecting the richnn 
Its materials. On festival days the peasants viaita 
bell as they would a church, considering it an a 
devotion ; and they cross themselvee as they ( 
and ascend the steps leading to the bell. The b 
of the pit is covered by water, mud, and large p" 
timber, which, added to the darkness, render it alia 
an unpleasant and unwholesome place, in additii 
the danger arising from the steps which lead t 
bottom. I went frequently there, in order to asc 
I the dimensions of the bell with exactness : to my great 
I. surprise, during one of (hose visits half a dozen Russian 
l-^officers, whom 1 found in the pit, agreed to assist me 
ia the admeasurement ; it so nearly agreed with the 
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kceount publlshetl hj Jonaa Hanvaf ikt A* M 
u not worth notire. Thi* w wuwfat f^awfcrili 
■ideriug the ditB^tj of nacd; wi— tag wl 
pvtiy buried in the eutb, and dK ofMMfan 
which U not entiie. No ooe, I hrfiMC, ham fta 
tallied the size of th« bnrer riaa af ik faaO, «4iA «i«M 
aflbid still greater dimenaioKS 
hit it ii entire); buried in ibt i 
Trere present when I ■dmcanm 
exposed to obBerraiion. We ai 
10 ibe laetai in all parts of ita 

tower part where it touched Ac pvoad, UAtnf earn at 
the same time not to (tieteli ihe eard. Fiam the |aaaa 
of the bell broken off, it w*a «acsTtitoc4 ikat wc htd 
thus measured within two feet of tia lawcf ttUrmiif, 
The rircumfereace obiaioed waa 67 tat A} h>rii» 
We then took the perpen£nlar Wight Inm dw Mf 
of the bell, and found it c onwpead exactly vi<k ih« 
■tateraent made b; J. Hanwaj-, yit. 21 Cm( 4| JMbni 
in the stoutest pan, tliu in whidi it ibmU kaar 
aec^red the blow of the clapper, it* ihiri 
is inches : we were enabled to aKcrlaBn ifcfa kj 
our hands under water, where llae tiMtmn had MUB 
^lace, which is abont 7 fe«t Ug^ bam iha laf at 
the bell. The weight of thia enomdM naaa af natal 
baa been computed to be M3,T73 Oak, wUdi, U riimai 
at St. per pound, amonnta to 66,56St, iGfc, If tag HM*- 
ployed and of do use to any me^" 

Ai the practice of beD-ringii^ ia cuMtalcd M a 
acience in England, >o the caating and tmi'mg ef beUa 
have attained a rery high degree of peifeetion. Al- 
tboDgfa the mosic of bdl* oounsu ndutiTelj in *hal 
ii termed inelod;, yet the efiect of that (arieljr ef 
changes in which the taatcfnl rin^ng of a jeal of 
tnnitje bells is made to consst, is eilremel; deli^tfu] 
lo most pertons. Bells are ranked by musicians among 
^trumenls of percussion ; and their sounds are eon- 
jectnred to conaiat of a vibratory molioD of the parts, 
|>rodiicing thereby pDlsaiions on the air in the manner 
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.. s musical chord — the instrument, in fact, nn b( . , 
atruftk by the clapper, undergoing a real change rf 
figure, and returning to it again hy a EncceGElon w 
tremulouE vihrationB. M. Perrault maintained that tb* 
sound of the same bell or chord is a compound of the 
■ound of the several parts thereof, eo that where iM 
parts are homogeneous, and the dimensions of Aa 
figure uniform, there is such a perfect mixture of iQ 
\ these sounds as constitutes one uniform, smaolh, evm 
I lone ; the contrary circumstances producing faanh- 
ness. This he infers from the bells differing in tone 
according to the part struck ; and yet, strike it (i^ 
where, there is a motion of all the parts. He therefore 
considers bells as composed of an infinite uumber of 
rings,nhich,Bccording to their different dimensions, have 
different tones, as chords of different lengths have ; and 
that, when struck, the parts immediately struck deter. 
mine the tone, being supported by a sufficient numba 
of consonant tones in the other parts. 

The usuil form of a tower bell is well known ; the 
proportions, however, of the several parts may be very 
materially altered, while general outline remains the 
same. These proportions do in fact differ according to 
different theories ; (heir composition, therefore, con> 
Btitutcs one of the chief secrets of the bell foundery, 
Mr. Harrison, a bell founder at Barton-upon.Humbo', 
has adopted some novel contours, having for their olgect 
the producing the greatest degree of sonorousness, with 
the least weight of metal. This individual, in an In- 
troduction to on intended " Treatise on the Proportions 
of tlie constituent Parts of Bells, and on the relative 
Proportions of Bells of different Degrees of Acuteness 
and Gravity," professes to have discovered the elements 
of a more scientific formula than any other (hat is 
known. " This new science," he says, " coroprisea 
the elements of the proportions of the component parts 
of bells, and the relations of bells of different tones la 
each other, which have been hitherto utterly unknown." 
There is another class of bells, which has kteljr been 




Ae ttMfk •ritkzn ; 6. tie bait iiid bdlowed brancbN 
^ metal on ibe cnnni, ■■dttng with die otnnotu lo 
jBB^n the keji, by vkidi the bdl ii nupcmlcd to thr 
~ * * 'a. The dapper, which in Kun>|w U 
with a Ut^ fcnob at the itrilin); nut. in 
meDtJoDed as a part of thr bell, irhcn 
tecboically spokeo of. The bell fauncler's hiiriiiru niaf 
be diTided inti) three parts: — 1. the pmpartioni nf a 
bell, which are ample and relative ; the former per- 
such an agreement of the parti m ahall ri'iiilrr 
; the latter to esUhlieh a rcqiiiilto (Hiit»o- 
between several belJa ; i. the forming uf the 
mould ; and 3. the composition and melting of tlia 

In forming a scale or profile, from the proporlJoHi of 
which to strike the circumference of n liell, acconllnd lo 
the ordinary palter", tiie modern rule hw hcon to makt 
the diameter fifteen ttinea the thickiie«a of the hrllll, or 
part on which the clapper etrikea; the belKlit tWi>l»' 
rimes ; and the superiur diameter of the upntr vrm. or 
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top of the bell, half that of the bollom of the li 
widest part. The lliJcknesB of the cap which eI 
the crown, and to which the eara are cast, 
third the thickneEs of the brim, and tlie ei 
branches themselv^ one siith of ihe wider dian 
the bell. The different proportions being c; 
dawn upon a plan, in semi diameters, a large i 
eompasBes is required, to traverse, from a fised o 
the circumference of the bell, in order to apply tl 
during the moulding. These coKpasEes consist ol 
dlfierent legs, one made to move on the 
or stationary centre ; the other longer, s 
to be applied to the work, as it proceeds, of moB 
the bell j these legs are connected by a 
detain ttiem in any given position. 

For the casting of a large hell a hole o 
dug sufficiently capacious to allow the workmen t 
verse the mould of the bell during its formation, i 
deep, that the metal flowing from the furnace n: 
to the top of the casting : if several bells are t( 
at once, the excavation will be proportionately 1 
In the centre of this hole a stout slake is firmly 6 
supporting an iron peg, on which, as on a pivoljj 
shorter branch of the compasses is made to turn. AT^ 
the bottom of this stake, and of the proposed beU'kj 
meter, a circular wall of brick-work is raised, aba 
feet in height, and technically called a millstone. ' 
body of bricks as a foundation for the core, or (hat put ' 
of the mould which is to determine the form of ibe Ml 
inside, is now raised about the stake : this is afterwtnb 
covered over with successive layers of fine cohesiTe 
earth end sand, mixed with horse-dang, the compasses 
being frequently applied to determine and regulate, by 
means of n moulding board attached, the size and ro. 
tundity of the work. After the core has received one 
coating or so, a fire is kindled in the inside, which is 
left open for that purpose to dry the work, and by 
which the slake is, of course, consumed. When the 
first plastering of the core is completely baked, and 
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^oM, other eotingi of die cement are waeetadrdf 
Itid OD, tnd in like nunncr imoodted hj the iwcep of 
the eompan board, end afterwardi dioroiighlf dried, 
ttd retouehed to imoothneu. 

The eore being eompletcd, die pompiwci are rear. 
nnged^ bo aa to deaeribe tbe oataide dze of tbe bdl, and 
hang again placed, die workman begina to form what 
Btj properly be conaidered aa the model of the befl 
abcmt to be caat. Thia part of the work eonaiata of a 
mixture of moulding loam and hair, which ia plastered 
.all OTer the core at interrala^ tereral of the last laycra 
being but thin coata ; tbe board of the eompaiaca being 
passed over the surface to make it exactly smooth and 
true. The last layer of the model is a mixture of wax 
and grease spread over the whole ; and the inscriptiona, 
or other ornaments, which are either made of wax, or 
metal moulds waxed orer, are applied to the snriiice. 
The next operation is, to form the shell, or that part of 
the mould which is to give its figure to the outside of 
the bell ; this is done by now moulding upon the last- 
mentioned body which had been covered with wax. 
The first layer of this final coating is composed of earth 
sifted very fine, mixed with cow-hair to make it cohere, 
and tempered with water to a state of semi- fluidity, 
when it is poured upon the model, and rea/iily sinks 
into the interstices of the ornaments, as well as covers 
the model very exactly. Two or three of these coat, 
ings having been applied, a fire is again lighted in the 
core^ by which the shell is dried, and the wax, leaving 
its impression in the sand, melted off. After this, other 
layers of the moulding.loam are laid on, a quantity of 
hemp being spread intermediately to bind the mass 
more securely together; the compasses are still em- 
ployed, in order to secure a degree of equality in the 
thickness of the shell. The ears are moulded separately, 
and the parts afiixed, when the mould is afterwards 
made up, and the iron staple to support the clapper 
inserted. 

When the moulding is completed, and all the parts 
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sDfficientlf dr^, the hollow of the core is filled with 
wnd; the opening tliroiigh (he head of the (btB, 
aflerwarcla to be tilled with the moulding of the e*ti, 
affording a space for that purpoee. Five or ax pieon ' 
of woodj two or three feet long, are placed sbmit ibf 
millBtone, and under the lower part of the shell: betwK* 
these and the mould wooden wedges are driven tolooui 
the model and the ehi^U : the latter being lifted off, tai 
the former broten, and removed from the core, the 
shell, after being blackened inside by the buming of ' 
straw to give smoothnesB to the casting, is lowered Or 
BCtly over the core; the cap containing the perfbradHII 
for the rings or ears is affixed ; vents are made for tht 
escape of air, and aLlmission of the metal; afuTwlli»' 
the whole Is carefully surrounded in the |)it with until 
well rammed about the shell. A gutter being iM^t 
from the furnace, in which the metal is in a stale<' 
fusion, it is suffered to flow into the mould in the pl^ 
and fill it in every part. Bell-metal is a compound of 
copper ami tin, which heeomes not only more sononWI, ; 
but heavier than eltlier of the ingredients apart. TiH' 
pnqiortions differ; ordinarily, however, 23Ibs. of tiS' 
are mixed with 100 lbs. of copper — the latter bdng 
somewhat increased when the bells are larger. Bmt, 
speller, and even lead are sometimes added — and mora 
rarely silver, which is considered much to improve ttu 
tone of the metaL The writer recollects, on one oeci> 
aion of the casting of a heavy tenor bell to compleie ■ 
peat in a litrge town, that number* of the inhabitanti 
who went to see the operation cast silver money into 
Uie furnace, tliough, whether to an amount miffident U 
affect the mass, is uncertain.* It is only, of cotuie, jn 
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Ae casting of very large bdls^ or sets of bells^ thut it 
voold be necessary to pursue the method above detailed ; 
tfaoK of a less sixe^ and of which models can be kept, 
nty be moulded in the manner of large iron pots^ in 
Iwxes made to separate laterally. Of hoube beUs, and 
ftoK for the hand^ so beautifully turned inside and 
OQ^ large quantities are manufactured at Birming- 
hm. While fidconry continued in vogue in this 
^Wintry, hawk's bells were often mentioned in com- 
merce. 

When a bell is cracked^ it is generally considered to 
be irremediaUy spoiled^ and beyond the reach of any 
ingenuity to repair it, though the following entry from 
^ churchwardens' account of St. Margaret's^ West- 
minster, might almost seem to justify the conclusion 
^ some of our old braziers occasionally maile the 
attempt: — " 155S, paid the tinker for mending the 
■econd beU, 8*." 

Some instances having of late years occurred^ of the 
Kitoration of church bells to their original tone by the 
cxdsion of the fractured part, an experiment for that 
pQipose^ under the direction of Mr. Bishop, of Bir- 
mingham, was undertaken in 1831, upon " Great Tom,** 
i& Lincoln cathedral, the crack in this instance being 
nmewhat in the form of a T. 

In the first instance it was attempted to cut out the 
injared part by means of sawing; but it was soon found 
^t such was the extreme hardness of the metal that 
no saws could be obtained of sufficient temper to work 
for any length of time with effect. The workman then 
set up a machine in the belfry for the purpose of drill- 
ing a series of holes, intending afterwards to break these 



Pfdd to a work of genius ; and I endeavoured,** he adds, ** to recollect an/ 
•indlar instance in the range of English poetry. We have excerpts in 
tfrnndance, which every person is expected to Vnow familiarly ; and we 
bav« a few shorter poems which every one knows well by heart; but I 
think tliere is no instance of a poem of the length of Schiller's Song whidi 
£ngllabmen can be expected to commit to memory, not even ' l^ycidM,* 
or the ' Christinas Hymn,* or * Alexander'b Fea^t,* though any one «k 
these might bear a compariMO with that truly admirable work.'* 
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performance of this latter operation, in the 
a'ule of tlie flaw, a large piece of the 
■□ddenly broken oS* in the contrary ilirection, 
6 cwt., and about 8 feet in length : the experi 
then abandoned as hopeless. It may be mendooed 

» several years before, the noted Van Butchell gaveij 
bis opinion, that if a hole was drilled through the 
at each end of the crack it would restore it to its fo 
aound: this plan, however, 
i 



Boine authors have asserted that Henry VII. w 
first of our sovereigns who otlempted to cast cam 

dominions, hut with little success. Larrji ■! 
authority generally quoted, ascribes the invendon ( 
brass cannon to an individual of the narae of Owen; i 

■e were none such known in England til 
year 1 535, and that iron cannon were, for the first tine, 
cast in this country in 1547- Lord Herbert nw^ 
agrees with the former of these dates, but difibrj btn 
the latter ; " it was," says he, " in the year 1534 thll 
great ordnance of brass were first made in En^anfli 
they having before been had from foreign parts." IMH 
guns, however, were probably much earher; at all eram 
great cannon, and proirably, as Macpherson thiniu, w 
iron, had been made before that time in the caslbrf 
. Edinburgh by a Scottish artist, Robert Borthwi 
used to inscribe upon them, — 

" Machinasum Scoto Borthwick fabricats RoberW.' 

: seems more reasonable to conclude that the nnnon 
itere of brass. Seven large guns, callecl ifw 
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^ tefcn osten^** and waadt hj the ^c-r^^-samefi irzx. 
■ore fanMMu in Seodaad ni tlie le ^ aa ^eeaa. qbl: 



= The method of cMtzng gms jrxza oc brwi 
little fiom that adopted in caRzn^ crizasce i: 
ftondery in geneiaL They are in ccci icra s&i^^sd 
fiom a pattern em b e d ded in mnd in. rvc zclac^ sm^ssccs 
cf iTOD^ separable tongimrfinallT^ azd ]ii=ici=^ cf Kb. 
veqiieiit dosing bj means of prcj«d-g ksi aad ears. 
Cumon are always eut of a aptx fcm.. or wnevhai of 
the frustrum of a cone, the thicks: ismt: btXLZ '^ 
breech, where the greater foree Qi ihe z^icpovder is 
exerted, at the moment of igcicoQ. It has been laid 
down as a mle^ that if the bore ai the zsouih be two 
inches, the breech most be six inches in diameter ; the 
length of the piece is estimated by cilibers taken at the 
Urazzle ; one caliber of six inches requiring a length 
of twenty calibers ; or, if the diameter of the bore be 
«ix inches^ the depdi of the gim would be ten feet. The 
oomposition of gun metal yaries even more than that 
Used in the casting of bells ; the following are under- 
Stood to be the conmion proportion of the ingredients : — 
to 100 lbs. of copper we add 10 lbs. of tin ; or to 240 lbs. 
of old metal are put 68 lbs. of copper, 25 lbs. of common 
Vrass, and 12 lbs. of tin. The Germans are said to 
)3iix their gun metal according to the following for. 
mnla: — to 4200 lbs. of metal fit to cast again they 
«dd 368f^ lbs. of copper, 204^|lbs. of brass, and 
^7|^lbs. of tin. The French are reported to use 
for gun metal the proportions of 100 lbs. of copper to 
£rom 6 lbs. to 10 lb«. of common brass, and from 9 ^hs. 
to 15 lbs. of tin. The composition was greatly varied 
by different founders and In different countries. 

The boring of brass guns is effected by apparatus 
similar to that described in a former Tolume for boring 
iron ordnance ; viz. while the piece is made to revolve 
in collars, one near the mouth, and the other near the 
breech, the drill meanwhile being urged to its work by 
means of a rack. It was formerly the method to bore 
the piece in an upright position ; at present^ however^ 
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■E u placM horizontally, go that, while the boring prih 
ceeds, the outside u itt the same time turned ihroughodl 
its length with the proper tools. As brass is so niiKi 
Gafter, or, as the worlcmen say, kinder to turn than ino,, 
a quicker revolution is conirounicateil to the gun ; tliil 
baring instrument, meanwhile, as it may be ground ti 
a thinner edge, making its way much more ea^y in tH 
foimet than in the latter metal. 

About the end of the seventeenth century, there mi 
a large eatabUshment in Moorlields, where were cast thi 
cannon belonging to government, and which place afler 
wards acquired a very difierent celebrity as the " Ob 
Foundery," so cfien mentioned by the Rev. Jobs 
'M'esley and his followers as their chief place of wonh^ 
in London. Its history is thus given in^the Annils a 
Methodism : — " As many persons were anxious to M 
the fusion of the metal, running it into the motdds, &C 
there were erected, in this foundery, galleries for 111 
aecommodation of spectators. About the year IJlt 
tlie old cannon, taken from the French by llie duke t 
Marllwrough, were ordered to be recast : which drcun 
stance excited considerable interest, and collected 
greater number of visitors than usual, amongst wb« 
was Andrew Scakh, a founder, and a native of Swil 
zerland. As it was understood that he was a fordgnc 
travelling for improvement in his profession, he wl 
allowed to examine the preparallonB. He observed thi 
the moulds were not sufficiently dry, and communkaie 
the circumelance to the principals of the department 
warning them, at the same time, of the danger of c 
explosion, from the dampness being converted lot 
steam while the red-hot metal flowed into the mooldl 
Due enquiry was made by those who superintended th 
preparations ; but, piqued by the superior sagacity of 
foreigner, they treated his warning with contempt, aiti 
the casting was ordered to proceed. The fatal exploaia 
occurred, as Scalch had predicted ; the liquid mett 
flew in every direction; a great part of the huildin, 
was destroyed, and eeveial lives were lost. In conse 
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tjUBse of this pftiidial eml, it w 
tacw foundety on Voolwicfa Wi 

ind ind management of wbidi 
Ibe faunde>7 in ModrfldiU ca 
len wd dilapidsted Mate, liD, 
Lesley took s lose of ii for 1 ISL, 
lUcnbU sum in SttiBg it np tat p«Uk 



The casting of lUtne* m bra 
bna belonging tuha to the fine iban lo die b 
way, nevertheleis, with piopti rtj , be brieflf uMJeai 
bete. This art, which reqninm for in exercne not 
mij the ingenuity of the statuar;, Iwl the raptrittMC «( 
die metal founder, is of p«ai aiitiq«ilj, aAil the fc* 
Wnki of Greek and Roman eieendoB vtiich tone hi* 
-^ued, attest thai the ikiil of the aoeient bte wnata baa 
«n overprai»*d. Spedmens of Aek woib te 
tripods, vues, lamps, Jhc. are pteaerred in the rariwia 
Bnropean maseuras. The nature of the heaAcn m;- 
dulog; was no less favooraUe to die imdiiplicatleti 
dun to the perfection of italoei ; and dtoe not ntttiy 
of marhle but of nteial: indeed, the wealth of aime 
: dties is sud to have been eatimaled bj the coU 
leedve value of their brazen Bgnres; and Ddpiia*, 
Athcaia, and Rhodes, are reported to have cad) poaaened 
3000. The latter place was particnlailj bauta* tar 
die Goloffial image which bestrode the entrance of the 
:|larbonr,snd which is said to have been thrown down bf an 
earthquake, B.C. SS4, and which the Saracens, on their 
Incoming possessed of the island, sold to a Jew, whft 
bided 900 camels with the brasi. The Romans were 
I leas dis^nguished for ornainenting their public edi- 
ea with statues than the Greeks ; and so strong did 
._ e propensity become for multiplying works of this 
Uod, that it was a common saying, in Rome the people 
of brass were hardly Ices numerous ihan the Roman 
S 3 
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people; and ihU proverb will hardly seem hjrperbd 
if we believe irhat is aeserted of Marcus Scsume, 1 
thoDgh an ffidile only, ia ssid to have adorned (be A 
nith more thin 3000 statues of brass, during the tf 
of the celebration of the Circensian shows. 

In what manner the ancienta carried on thdr q 
alionB in obtaining casts from statues oi 
not informed ; neither is it known exactly whita 
the coraposiliDn of the metal they used. " 
posed of from eight to twelve parts of tioj combined V 
100 parts of copper, becomes an alloy much htrdet M 
copper, less liable to rust, and so fusile a 
and be easOy cast in a mould. Copper, diflfe 
alloyed, formed the metal of which the a 
to have cast their statues and vases of the c 
kinds. The Egyptian bronze, we are told, 
two-lhirde brass and one-third copper. Pliny i 
the Grecian bronze was made by adding one'tentb )|^ 
and one- twentieth silver, to the two-thirds bran:! 
one-third copper of the Egyptian hronae. 
however, of the highest class, the Corinthian brasB.j 
been famous in all antiijuity : its discovery ia thntJl 
tailed by the historians. L. Mummius, having t 

and burnt the city of Corinth, in the 158th Oljn 

or 146 years before Christ, it ia pretended tW I 
precious metal was formed from the u 
ofgold, silver, and copper with which that city al 
which, being all melted and mixed together bj j| 
fierceness of the fire, composed, ai 
The statues and vessels which were afterwards rotdaid 
it by excellent artists, were esteemed of great value; d 
preciousnesa of the material vying with the beautjlj 
the workmanship. Those who affect, to give an ^ 
count of this metal distinguish three sorts of it 
gold was predominant ; in the next silver ; and, ia fl 
last, gold, silver, and copper were in equal parts. 

There are few arts which require greater sldll, and 
; knowledge of more numerous pardculars, 
than tile casting of first-rate works in bronze. In ths 
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ilt of B«nvenQlD Cellini, the celebrated lulian artiil, 
vrioen by himself, there are Bome curious deiail* eon. 
iwnai with the moulding and cseting of a Urge figure 
of Fctkus, bs well aa concerniDg other worki of ■ like 
land. The use of brasa, for statuary purposes, in ihia 
OnaUj, is referred, by atitiquarion, to the thirteenth 
Wlurjr. The brazen efflgiea of Eleanor, queen of KU- 
nnl I,, king Edward III., and his son (he Black 
Prince, — the first among female ligurea, and the 
litter among armed men, are reckoned the earliest spc- 
cinieos of their age in England. But the original 
diuacler was not that of a nngle shining metal ; ihey 
were superbly painted, gilt, and enamelled. A uurtc for 
■Detsllic statues has never much prevailed in Britain ; 
Mr can it, perhaps, be said that tlie art of casting them 
bu attained to the most exalted success. Many iplendid 
twks have, however, been executed. 

In the modem bronze foundery, the mould of a itatoe 
CODsiits of three parts: — 1- the core, or that by meana 
flf wliich the in<ide is cast hollow, to save metal, and 
diminish the weight of the figure ; 3. the wax, in which 
every exterior portion of the statue is modelled, so at to 
lEDiIer exactly the features, anatomical details, and all 
that belongs to costume or ornament ; and, 3. eemenl 
fin the shell or mask, wliich, deriving all its impressions 
afterwards to the 
metal itself. The core is a rude representation of the 
figure intended to be cast, and smaller, in every part, 
in proportions agreeing with the calculated thicknesa of 
1 : if large, or having extended parts, it is itrengtb- 
inside by means of pieces of iron. It is composed 
mixture of gypsum and brickdust diluted to the 
of clay, and must be raised upon a fixed 
grate, in order that it may be thoroughly dried, and for 
Another purpose arterwards mentioned. 

A rude outline of the statue being thus raised and 
mpported, and thoroughly dried, it is next covered 
over with modelling wax; which should be, in all parts, 
at least an inch diick : this the artiit with his tools 
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^^^^V fasbioiiB exactly to the form which the caEting ifl i 
^^^H hibic, the perfection of the ultimitte design, < 

^^^^H corresponding to the degree of cxcpJlence attained & 

^^^^1 model. If, however, the statue is to be a fac.simile d 
^^^^H me already executed in marble, or modelled in plaster of 
^^^^P Paris, moulds of the latter material are formed upon the 
^^^^H pattern figure, and from these moulds castings in wax. 
^^^^H are ohtained of convenient sizes, and these are joined 
^^^H together upon the core ; the worltman proceeding from 
^^^H the feet upwards, and filling up every cavity inside aa 
^^^^^ he advances, by pouring in a liquid cement. By the 
^^^^H former methoil, it will he perceived, every line of the 
^^^^^1 maulding must be executed by the sculptor himself, to 
^^^^P as to form an original work ; in the latter, an artist who 
^^* could not execute a design at all from the beginning, 
may, with proper attention lo the copying merely, pro- 
, duoe, in metal, a masler.pieee of statuary. In either 
case, we have the entire form of the intended bronze 
composed externally of wax : to thia are now to be 
attached several nearly perpendicular sticks of wax, in- 
tended lo form coniluita for the passage of the molten 
metal, aa well as vents for the escape of the air during 
casting : bila of bronze are likewise stuck through (he 
wax into the core, so aa to keep both parts of the mould 
in their relative position after the wax has been drawn 
out. When these are arranged, the formation of tile 
shell or outer covering is proceeded with : it is com- 
posed, in the first layers, of a mixture of clay and old 
while crucibles, very finely pounded, sifted, and in<aa> 
^^^^ tened to about the consistency of cream : this is cart. 
^^^^V fully spread several times over upon the wax, so as 10 
^^^^H SU every indentation, and cover every raised pert : tu 
^^^^H this composition, earth and horse.dung are af^rwardi 
^^^H added ; and, lastly, a thick coating of these two ma- 
P terials only is laid on. The whole is now firmly Gxed ] 

I to the grate by means of uprights, and bands of iron 

L embracing the shell at intervals. Every precaution ' 

^^_ having been taken to secure the stability of the mooU, 
^^^L a fire is kindled under the grate, and the wax mellcd 
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m, learing the Bpai;e which it occupied ta be GUcd widi 
die meUl. Whea, bowever, thv niouIU ia prepaml in 
wrcnl parte, from a model fiml accurately fermnl In 
gjfmm, and aft^wardi cut Dp into lectinna of cod- 
'eat aixe, the pieces tua; be ilri«il teputteif. The 
I in which Sir F. Clianuej' dried hii mould* wm 
« fourteen feet long, tweUe feel high, and IKcItc 
bet hroad. AVhen it is niiicd ta itn highai inn[wT- 
■toR, with the doora dosed, the thenooniFtcr Nandi M 
350*, and the iron floor is red hiil. Acconliug to Kr D. 
Brewster, the workmen often enter it at a lempernure 
of 240°, walking over the iron floor with wooden tlofp, 
which are, of course, charred on the lurface. The unw: 
Ittlboril; tells us that, on one occaiion, fitt F. C'haiitT«T, 
Mampanied by five or six of his friends, entered dita 
in)ace,and,sfierremBiningafewminut«, thry brought 
OOE a ^eTmometer which stood at 321/". The nxinid 
beJDg tliorougbly dried, is, whether entire or compowd 
of lereral pieces, hoisted, by means of a crane, into tbc 
g pit, and, having betn put together anil properly 
pUeed, it is carefully surrounded with lanrl: if the ■ab- 
ject be too large to allow of the mould being ilia* lifted, 
' I all the preceding operations would ha*e to be 
earned on in the pit. The mould being thus placed, 
and gutters made from the fumsce to communicate with 
the different conduits leading to various part< of the 
itoe, the metal is suffered at once to flow into and Hll 
t motdd, which it does almost ioslantly. A* it ia 
diffictilt to obtain very large statues perfectly sound, e#- 
fKlally towards the feet or the part lowert in the pit, 
tbey are somelimes cast in several pieces, which arc 
■(terwards united by pouring metal, in astaie of fuiion, 
drag the joints. Tlie work, whether cast at once, or 
fciew iong, is finished by cutting off luperfloous portions; 
>Iing the different parts, as may be necessary 
ctnesB and effect : after which the surface is 
a rendered of uniform appearance by the aid 
b compodtion, according to the taste of the artist, 
e of the numbers of the Pbilosonhical Journd 
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for 1833, there is an article on tlie casting of statuei 
whicii the writer recommemla the emptoymetit of 
founder, whose acquaintance with the best method 
moulding in sand, and mixing as well as managing 
metal, would give htm many advantages over the 
totirf, whose attention to the latter department ii 
only at the expense of his more direct professional 
cupition, but at the stilt more serious account of t 
who patronise him. As the casting of statues ii 
affStir of copying merely, in which the utmost succe 
the bronze founder can never enaUe him to surpasi 
model, or depreciate the legitimate merit of the scuj] 
which lies essentially in the perfection of the ori) 
design, it does apttear probable that the chance of gn 
success, as well as the certainty of a vast diminutta 
expense, would be found in a divisbn of the ai 
making bronze statues, between the sculptor and 
caster. The same writer, adverting to those exqii 
figures of cast iron which are brought from Berlin, 
are imitated in some other places, suggests the d 
ability of multiplying the designs of the sculptoi 
means of the iron caster's art in this country ; . 
articles being well adapted, from their strength atid 
rabiUty, to supply the place of many less interesting 
indispensable architectural and other Eupports. At 
material is so cheap, its application in the way prop 
mi^t lend to increaK a taste for, and thus foster 
patronage of the arts of sculptural design with refei 
to our mortuary and other raoDnments. One prim 
otgcction to the use of cast irou in this way ia, its 
dency to rapid oxidization ; so that, in so humid a clii 
as ours, it would be difficult to preserve cast-iron sti 
in damp or exposed situations. Probably, a st 
gilding or bronzing would remedy the evil, to say not 
of other methods of preservation that might be dev; 
if the taste for figures of this kind were to become gen 
The Colebrook Dole Company and some others, are 
casting statues and ornamental works in iron, of i 
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Iron is Bometimes found aeoetsarj^ in eonnectum with 

bronxe^ for the construction of some moniiiDcnts or 

tropes, especially for militsry wo^ionsy where the W" 

dinary material might be too brittle : in this case, it is 

oecesBary to protect them, or they win rust away, aa 

ve sometimes witness. In ISIS, Sir Humphry IXaty^ 

hang in Paris, was consulted by M. Alafir, the arefai' 

teet, upon some points relative to the eolossai elepha&c 

of bronze, which was intended to form a part of the 

fountain then erecting on the site of the Bastile. The 

£iiglish chemist, in reply, says: — " Ten paru of eopper 

to one of tin is an excellent eomposition for a work upon 

a great scale, nor do I beliere any proportions can be 

better. There is no fear of any decay in the annatnrca, 

if they can be preserred from the contact of rooistafir ; 

but, if exposed to air and moisture, the presence €4 the 

bronze will materially assist their decay. Whererer the 

iron is exposed to air, it should, if possible, be eoreted 

with a thin layer of bronze. Where the iron toucbea 

the fomidation of lead, it should, in like manner, be 

covered either by lead or bronze. A contact between 

metals has no effect of corrosion, unless a Voltaic cirde 

is formed with moisture, and then the most oxidizable 

metal corrodes; and iron corrodes rapidly, both with 

lead and bronze." 
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Ukreh the abuve denomiDation msy be comprel 

that immense variety of articles for which, n ' ' 

last 150 years, Birmingham, in particular, has t 

BO celebrated. London, S^effield, and som 

places, do, indeed, vie with Birmingham in thi 

BDd excellency of many of the manufactures it 

but, in the cheapness, diversity, and extent of i 

ductions, the ktler town is unrivalled. 

have not only met the demand of the t: 

hy their inexhaustible ingenuity, actually created a 

in the gratiRcation of which Ihe comforts of society ai# -^ 

amazingly increased, and thousands of industrious in- 

'diyiduftls enabled to obtain a reputable livelihood ; and. 

all this, in addition to those sources of wealth which 

have, at the same time, been openeii up by an extensive 

traffic with foreign parts. 

Notice has already been taken of the introduction of 
the manufacture of brass into the town, where the con- 
sumption of that metal had become so considerable; 
and it is natural to look with curiosity towards that 
earlier period when its use, as an important staple, was 
introduced into Warwickfihire. But, however in- 
teresting it might be to know something in detail re- 
specting the local rise and progress of an art of eo much 
consequence to Birmingham, and, indeed, to the whole 
country, — for there is, probably, not a house in England, 
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nmch less a Lardware liiop zb ^le Unhed Kinfdom, 

where braien anidei are mat f onnd. — jet, wt leani 

little or nodiing od tliii wakijeet from Hnnon, irho dms 

briefly despatches his di^iter on hrass fioimderT : — 

" The cnrions art hef ore vs k, perhaps, less andoit 

than profitibk. I duB not cDqnire wboat pandfisxher 

WIS die first hrus founder here, bnt duB leave ihor 

gnmdaons to settle that inportint point with mj cnc- 

cesser who shall next vriie the hiatoiT of Birmingham. 

Whoever was the fint, I beilie've he flonridied is the 

leign of kiog William ; hot, thoogfa he sold hit prb- 

ducdons at an cxcessire prioe^ he did not, like the 

modems^ possess the art of aeqninng a fortnne ; but, 

DOW, the master knows the way to afloenoe, and the 

servant to liqaQr." 

The operations throng^ which hraas wovk, in ge. 
neral^ passes in the workshops, ire casting, filing, 
chasing, stamping, sddering, screwing, pickling, turn- 
ing, biuDisbing, ind lacquering. Minj articles are 
perfected by one or two of these operations ; othen re- 
quire more ; and, in some cases, all of them are com. 
bined in the production of things of absolute cheapness 
and beauty. 

The more massy productions in brass, and especially 
those in which strength or solidity is exhibited, in 
connection with that style of getting up which may be 
called the natural grain, or surface of the metal, as 
being left untouched by the tool, are, for the most part, 
cast. Among articles of this dass may be mentioned, 
figures of men and animals, either fully brought out, or 
exhibited in various degrees of relief; heads and daws, 
such as are frequently seen on door-knockers, fenders, 
&c.; and especially those elegant diversities of foliage 
or scroll work, appropriated to brackets, lamps, pillars, 
and other wares : these are not only among the heaviest 
and most durable, but, in some respects also, the hand, 
somest results of the trade. 

In the brass foundery two sorts of sand are used : the 
^rst of a coarse description, similar to tha^ used by the 
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iron founders, and which Berves well enough 1 
caBting of Buch ftrticles as are afterwatds to be finii 
hj filing or turning; fineness of cast surface I 
under these circumBtancea, of littJe coneequence, bi 
[-pared with despatch in the moulding and runa 
l- die pieces. The using of this materiat for nouldx 
called casting in the green tand, as, from the t 
paiatiTG openness of its body, however i 
bedded or rammed, and while quite mois 
hands of the workman, the liquid metal may be p 
into it without any danger of exploaion. The ( 
material used by the moulder, in casting the fi 
of articles, and particularly such as are not to 
filed or turned on the surface, is Trent ssnd, or •! 
equally fine substance, well pulverised and sifted, •! 
moistened with the grounds of beer, in such a ' " 
as may cause it sufficiently to cohere in tlie mo 
without, at the same time, sticking to the moi 
afterwards swerving from that accuraey of impra 
which they ought to impart to it. 

The casting boxes are two oblong frames, ^ 
three feet long, and ten or twelve inches wide, t 
depth, proportioned to the thickness of the a 
tended to be cast. These boxes, as they are c> 
dther be mode of iron, or of wood, clamped and fl 
with iron : the latter material, however, will oi ' 
swer for casting in green sand, as the Trent u 
quires to he exposed to a degree of heat, in the d: 
of the moulds previous to casting, which would b 
Btructive of wooden boxes. These frames have, w 
edges, projecting ears, furnished with pegs and h(4 
correspond ; so that they can be fitted i 
gether, or may be separaled, and again replaced M 
tile greatest exactness. To these boxes beli 
well-seasoned boards, an inch or two larger it 
than the boxes ; and, besides these boards, tw 
ecreWB contrived to pass over the hoxes and 1 
gether, so as tn keep the whole firmly and cloBt 
c the metal is poured into tlie moulded si 
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with the bovdy dwaed <nv vi:^ ane <if tW s«»i) 
bvBt and palvcnaod, ifso- vlbdi « ^SBStiTT ci Hk 
"yF"y"*g nod is ilncn in hr xoetns of « vinr hd»i>, 
to as to distzibBae if arfdj az>d umfonDlT ujvq ihr 
modds; and, as aooo as ibej a:e cnsplecirlT burk\). 
more sand is taken aod pivased dows. vith the hAik)$« 
nntH the box is fall ; aJher vhidi the sand » nimiiM>l 
firmly in irith the ecd of the vood«n roller or iewii)|{ 
stick. A metal strike is then dravn over the bi>x. bv 
which the snperflnons sand is mnored, and a Ic^vl 
snrfiioe presented, npon which the ether board is )Uaee«), 
and the box turned over. The first bcanl is then re. 
moved, and the modds are seen embedded in the »ancl. 
their hollow or reverse sides being now upp«'rmo«L 
The other box, or, more properly, half box. in next 
placed upon the one already filled, the pins and hoK^s 
keeping diem steady : the models and sand surfatv are 
well dusted^ the sand riddled^ kneade<1, bt»aten in, and 
stripped ofi^ as before. The spare board Unng sgatii 
placed upon the box, the workman striken smartly upon 
both boards with the stick, so as to start or loosen tho 
models in the sand, after which the last montiontnl hiilf 
of the mould box is carefully lifted of!*, and tlio board 
applied to the surface of the other, which, l)oing liftcil 
ofiT likewise^ leaves the models and the midrib upon the 
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board : such c 
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1 of them as do not come awa^ in ij* 
tre picket! out of the sand by means of in ifr- I 
rCEembling a pair of ordinary Bugar-nippert- 
The little side canals, or other connecting Unea, barioS ' 
been scraped in the sand, the boxes are, if contunbtf 
Trent sand, reared over the fire to dry; or, if fiUrf' 
with green aand, then closed for the iinniediate recepIiaA 
of the metal. 

It must be obvious, however, to every one who lb 
tenticely marks the foregoing particulars, wbellierUtli 
conversant with the operations of casting or not, ditt 
only such models would leave the sand with ease, H 
were of a certain shape, i. e. all the parts of wUch 
sloped in one direction inside and outside. Suppose A 
(j!f. 37.) tu represent the surface of tbe first bond 
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used in moulding, and also the line of contact betwraa 
the surfaces of sand when the hoxea are cloaeil. Hid 
from A to B and C sections of the depth of sand; ft 
hemispherical article, as D, would very easily leave the 
sand, as will be instantly apparent from the verUcal 
dotted lines: but in moulding a ball, or flat ciicalai 
article with a swell or flange about it, recourse must be 
had to another contrivance. If the ball E, or tlie rim 
F were placed upon the board as shown in the cut, and 
sand rammed upon and about them, It would be imposd- 
ble on turning up the box to get the models out of du 
sand, until so much of it had been removed as occuped 
the spaces below tbe widest parts of E and F, whicb 
would, of course, destroy the impression in the sand to 
that extent. But if models of only half each article, 
as D and G, are moulded in the first bos, and the entire 
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Buddi Bubstituteil □□ moulding ihe second box, the 
WJelca will readily 1civl> the tand both ways, snd the 
imprmion be divided between the tno bodies of sand 
u thovn by H and I. Sometimes, vhcn the revene 
ftrt of an article is only trifling, fts in K, the caster, on 
ttning up the first box, smoolhs away with his finger 
lAiieTei sand may have got below the flange, tile place 
ef which is occupied by it portion of that in the second 
bx. If a ball, or other like article is intended to be 
Ott hollow, there is a stem, or projection on the model 
nhable in length and thickness to a piece of wire, or a 
Mill rod, upon which is moulded in a proper raetal 
mould a core of sand or clay, corresponding to the in. 
■ide of (he ball ; this, when the model is removed, and 
the boxes closed for casting, is placed in the cavity of 
the sand, so that the metal flows round it; and when 
flw boses are opened the wire is withdrawn, and die 
Ditter of the core picked out of the ball. It is by a 
■imilar arrangement in the moulding that brass heads 
ne can upon nails, window screws, and other things. 

The moulding boxes being properly prepared, either 
by drying or otherwise, for the reception of the metal, 
they are first dusted OTer with bean flour, and then 
«Mfully closed, the boards placed on the outside of 
eacb, and the whole bound firmly l<^Lher by means of 
damp screws, as represented below {fig. 88.) The 
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ooxes thus made up, are afterwards reared against some 
prop, in a position inclining a little from the perpen- 
dicular, in order that when tlie melted brass is poured 
in, it may, without falling at once to tlie bottom, freely 
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flow downward, as well as nm laterally, undl. i 
cavity be filled. The brass-founder uses a ana' 
furnace, the draught of which ie increased by d 
the opening above it with a door of BheeC iron. '! 
crucibles are either the blue pots from C 
more commonly those made of Stourbridge clay, li 
sizes proportioned to the weight or number of Axm 
tides to be cast St one beat or pouring. Whea tl 
metal is properly liquefied in the melting pot, the latUT 
is lifted from the fiimoce by means of a pair of tong% 
the bits of which embrace the vessel, and after clearing 
off the cinders which float upon the surface, its conteDtC 
are poured into the moulding boxes through an opauug 
Rt A, answering to the head of the canal in the san^ 
During this operation, a blue sulphureous flame ariKi, 
and sometimes breaks through any crevice in the hoM», 
which, unless they he well closed, suffer the meial Ki 
escape likewise, and causes the articles to be surrounded 
with a jagged excrescence or fafih. If the metal be tW 
hot when poured, or of a bad Icind, the castings will 
contain little cavities, or be, as the founders say, i/otetij 
if; on the other hand, it be not sufficiently liquefied, the 
articles will not receive a sharp outline from ihe sand, 
and sometimes be found but partially cast. When the 
whole has become sufficiently coal, the boxes are opened, 
the castings taken out of the sand, and cut fromtbe 
midrib and each other, the wasters and connecting pieces 
being again transferred to the crucible. 

The castings are now trimmed on the edges and else- 
where by filing, and afterwards, by turning or otherwise, 
brought to the state required. In some sorts of work. 
the figured parts, requiring to appear deep or sharp, are 
chased or dug out by the aid of steel chisels ; in olhen^ 
a matted or lined style is produced on the metal by 
means of punches or rollers of corresponding design. 

A large portion of the Birmingham brass worli, and 
especially that description for which the artizans of that 
town are so justly famous, consists of articles of sheet 
metal figured by stamping. This art, by means of 
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vhicfa^ at a single strokey or at mmc within a ^inxle 
■inute of time^ an eflfect is prodnced on metallic Iarr.ir.«. 
vbidi, by the tedioos methods of cfaaainfr or embr/Hir.:? 
fmaerly practised would require thocuanda of icroki^, 
md many houn^ or even days to prodace^ beJAn^n kl- 
tog^etber to modem ingenuity. And althiwgfa the ex- 
|CMe of the apparatus is very eonsideraUe,— icdodii;^ 
din, often enormously sOj — yet soch is the faeilit? \i 
ndtiplying impressions by tUs method, and to L;rh:. 
Jct stiff the body of metal embossed, that the low yr.rjt 
tf many brass ornaments of this description woul/i v>; 
mroery oonodyable^ were it not that cheapneM an/l tih^ 
mtod have reacted upon one another until the zrHcifn 
hxn become uniyersaDy requisite. The following l\ i 
Kpresentation: of the stamps which, with VjTh^ trifilriv 
(Kfirences in size, &c. is used not only by the bru^c 
worker, but also by the sihrer-plater, and the Britanr.u^ 
netal smith. 

In the representation of the stamp (fy. 3f),y A h 
are two square upright pillars of wrouj?ht iron, a.v>^.'. 
eig^t feet high, and so placed that their angiiUr 4^1;r^* 
serve to guide the hammer C in its a^.cent ar.^I fi^^w;:.v 
its ends being grooved for this purpose. Thh han'.r:.<rr, 
which is eighteen inches across, and weighs aVy>ut ] f/)i'A. 
is suspended by a rope passing over the trutuiit: I) 
at the top of the room : at £, it is tufterl with wortVr'! 
in the manner of a bell rope, to form a handhold, and 4* 
the lower end is attached a stirrup F ; in thi% the work- 
man places his left foot, the right bdn;r thru tit uuO.: 
the loop H, during the operation of ralhinpr the \un,\i. 
G is a large boss of cast iron, having on itit i-Atic fou r 
stout screws to detain the die : this bo«!S ih let into a, 
block of stone, weighing from one to two tons. The 
stamp hammer C is sometimes cbangeil for one heavier 
or lighter, according to the description of work : to ac- 
commodate such hammer, the upright pillars are at- 
tached at the top to two beams, and at the bottom to 
two side screws, by which contrivance they are readily 
brought nearer together or removed further apart. Oa 
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ODder face of the hitnin^ ii flxed ■ flit pkee «f 
D ihe surface like a mp, ud ailed a " htk- 

:" iU use it, to iletain the piece of le 
the die, anil by meani of which the n 
pKMed is acmck into tlie ilie ; c»ch ictoke ketf§ lUi 
d fwt to the licit-up, from wliich it ia, wha deiw 
lb, leparated by striking it doirnwuda. Wben (Iw 
ap is not in use, or during the finng or aliaidan of 
idle, the hammer ia propped up b; die apanner I. A 
•We die is represented at K ; and at L, (faetnjod 
fat tised when artidea are ataroped while red hot, 
ich ia often the case with copper and plated metal, 
«^ never with braas. 

rhe die* of the bras* stamper, and wbidi wj in 
! and weight according to "the Ingneaa of the article 
X operated upon, are made either of ateel oi CMt 
i; of the former material, when smali, or what the 
la] is required to be embo«aed into dengna of Tery 
rp execution; and of the latter, when the pieces are 
;e, and, as ia generally the ease, intended to be after- 
da got up with tlie bumiaher on the smooth, ami 
ifortia on the other parts. Whatever the size, if the 
al be thin, and the relief of the design inconsiderable, 
aaally when the paria are roundish, a very few 
k«with the stamp are sulSdent to produce the im- 
abn. Bat it ia far otherwise, when the figure is of 
IdoaiiLe depth, and exhibiting Strang angular sec- 
i; under these cireumstances, the greatest care is 
lired on the part of the workman, not only to select 
Itnetal, but likewise to imbed it in the die only by 
le Etiokes, and these oft repeated, sometimes from a 

to a score ; the metal being frequently lighted, or 
ed red hat, at intervals during the stomping. If 
e precautions were not attended to, it would be im- 
ible, eieii with the most ductile sheet brass, to pro. 

ikr without fracturing the article, and thus wasting 

1 time and metaL 

rate of these stamped pieces are afterwards formed 
rii^ or tubes, or studied to castings by means of 
B 3 
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Spelter solder, as in the mating of lamps, umbrelb {iff* 
niture, &c. ; otiiers are united by icrews, as in bell-pnlll!' 
many are used nearly as they (^ome from the EtsnipRf 
as door platesj escutcheons for locks, and roses of 
sorts ; others, being lapped by the edges upon a dlK Of' 
iron with a brass sip m, as in the beamiful variely at' 
curtain pins, have the appearance of being very mtaj 
and substantial, wUen, in reality, they are esceei"" 
light. 

Taper brass tubes are now produced by being dnvB 
of almost any size at an ordinary draw bench. A 
dered case is drawn through a ductile metal Cool pi 
on the mandril, and, as may be reijuired, reeded, flnWil 
sr made of any form. Twisted or spird tubes are p»>( 
duced in the same manner. This method was devised 
Ly Mr. Ward, of the woiis (rf Messrs. Winfield, ffir- 
minghsm. 

Cast or stamped articles, being properly fitted or 
dressed, are next to undergo that process which giwl 
to them their beautiful yellow colour, and prepares tbmi 
to receive a coating of lacquer. To free them fnm 
whatever grease tliey may have contracted, and odio^ 
wise to render the surface more favourable for the actior 
of acid, they are heated shghdy red hot, and afterwards 
in some cases, laid to pickle in diluted spirit of vitiitd 
On being taken out of this menstruum, they are wuhei 
in water, and by means of a brush, sometimes made o 
wire, the dirt and scurf cleared from the surface, ihi 
stamped sheet metal appearing more or less yellow, ac 
cording to the quality of the brass; and so of the castings 
though they are not unfrec]uently of n reddish cdoiu 
Having undergone this preparatory cleaning, the met 
process is to dip them separately in aquafortis, by mean 
of a pair of brass nippers. If the acid be good, ani 
the metal in a proper state, a very hasty immermon i 
sufScienC to give to the latter that clean, rich appearanc 
so strikingly characteristic of the best Birminghac 
wares. Experience enables the operator to judge as t 
the beat mode of dipping, as well with reference to th 
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qualities of the brtsi^ as to the ktvh^ of the wid : ia 
general^ if the work be takes out vuo niddtiilT, ii it 
bat partially cleaned, and if suffered to ren-a^ ici& jcn j?. 
it becomes red or black ; thefce ctft^cu art v.*ttx\i3jjt% 
lemoved by reimniersion. Immediau-ij tm iLe zntztl 
ooming into contact with the acid* deDte noiKoxie f uibes 
of a stifling quality are plenufuUy cn-ojTed ; bo thai it !§ 
nsiial to place under a shed or id kaxi*: o;#Zj rMCQ tLe 
dipping vessels, which should be of tin: btv: U'tidgwocid 
ware, ordinary red pottery, however weU pZa2«^, besxig; 
non acted upon by the menfttmnm. (}ti l«dxij7 taken 
from the aquafortis, the article ii well wathul,. aiid then 
^aced in water in which argol ha* bc#D diu&lred, to 
prevent the metal from tarnishing : it it £xuJ]y pUoed 
tmong hot dry sawdust, nntil all moisture it dried off", 
and the surface, on being brushed and clea&ed, is of the 
cdour intended. Brass ornaments, which hare become 
black by use and exposure, may be cleaned by immer- 
sion in nitric add^ as above described ; every particle of 
grease, and all remaining lacquer being first removed by 
the application of boiling pearlash water with a soft 
brash ; care to be taken at the same time to detach, or, 
previous to dipping, to guard with vamiUi any portion 
of iron-work. 

The smooth parts of both cast and stamped articles, 
particularly when circular, are, in the former sort, firfct 
tamed with steel tools, and in both sorts burnished at 
the lathe : as a figure of this engine, as used by brass 
turners, will be given in another page, it is unnecessary 
to describe it here. It is to the lustre produced by 
this burnishing, in contrast with the dead -appearance 
of the other parts, that many Birmingham articles are 
so much indebted for their beauty. The burnishing 
tools are sometimes made of an extremely bard blood- 
stone — the pieces being fitted to proper handles, and 
sometimes of steel ; they are very variously shaped, ac- 
cording to the form of the body to be operated upon. 
Hence the terms round-end, parrot-beak, flat, circular, 
and dog-burnish, are common : the last-named instru- 
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ment, which is used in burniehing lai^e articles 
ticularly convex surfaces, consists of a long iron 
haying a handle at one end, and at the other a 
working in a staple afGxed to a block of wood, : 
manner of a clog^maker'B knife. In burnishing : 
mixed articles, they must be placed so as to lie 
and firm ; in those which admit of being atu 
K^eved upon wooden or metal chucks, the mo 
operation must be very readily conceived ; annuli 
tides may likewise with equ J facihty be burniali 
over, by firat placing them within, and then upoi 
chucks. Brass rings, which pass through knobs ' 
some metal, are more difficult to get up, A {fig. 




representa a ring and screw-slem of this deacri 
such as are frequently used far drawer handles {i 
scarcely be mentioned that the ring, whether a » 
or made from strong wire, is soldered after havini 
passed through the hole in the knob or head 
acrew-Blem); B, the article in the position in w 
is held during the burnishing of the outside of th( 
C, the engine nose, bearing the chuck D, whici: 
hollow or groove near the end, in which the rin 
E, the flat burnisher; F, the rest. It will be ap| 
on inspecting the cut, that by holding the ring 
presented, and pressing it against the revolving 
with the burnisher, the ring will revolve too v 
any impediment of the stem, while, by fiiving^jt 
lique leaning both ways, three fourths of the II 



fm may be easily bumidied. G ibovi tbe Method at 
hoTiIiDg tbe ring for bumislmig ilie inuk ; asd H tlw 
poliihed Eleel too) by which it i* picked Bpon ite re« 
nlring chuck, and the Innre iinpanal. 1I<|,bi ■• Maw* 
timei used to prevent the mdal boa bctng ■fTMrfctdl 
I7 the friction during bumiihi^, akd •■ iMyw ria g Ae 
eftct It is lilifwise tiecenarjr dMI t)w )iimti(iImt 
dimld be kept clean by repeated tsHm^ np 
tfuft buff leather powdered widi (roeu manii; othet- 
liie, by the adherence of minotc p w tiiim of tbe mfMe 
Df the brass lo the steel, the latlet will ndter tttt b4 
Knuh, than bumisb ihe utide to which it may be 
Ipplied. 

Crocoa and rouge polishing powden ue nunnfacttucd 
largely at Liverpool. CryEtala of die protomlpbtte of 
trpn ue taken immediately from the cryttalliiing raatit 
in the copperas norke, as free from per-oiidf ai poHble, 
■nd instantly put into crucibles or cut iron pot*. TheK 
Vt exposed to a regulal^ii he«t carefully tbellered from 
dml. Thoee portions which are leAtt cakionl, and are 
of a scarlet colour, are fit to make rouge for poiifhing 
gold or silver, whilst those which are more calcined or 
lure became red, purple, or bluish parple, form crocoa 
ii for polishing brass or iteeL 

Brass work, of the sorts above desnihed, ii finally lac- 
qoeted or bronzed. The lacquer may be prepared in 
farious ways ; the following receipt exhibits ibt general 
character of these varnishes: — To a pint of rectified 
ipiritB of wine put one ounce of nirmeric powder, two 
dischms of the best annatto, and two drachms of saffron; 
let It stand ten days in some rather warm place, shaking 
the battle often during that time : filler it through 
coarae muslin into a clean bottle; then add three cancel 
of dean seed-lac, or shell-lac, and shake the bottle fre- 
quently for ten days; after which it must he allowed to 
Kttle, or it is filtered through paper, when it will 
become fine and fit for use. Articles to be lacquered, 
being perfectly clean, and especially free from all grease, 
mtlst be heated eilher in a stove adapted to the purpose, 
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or on a piece of nearly red-hot iron, until diey are j 
aboTe the temperature at which tliey can bo held in 
fingers. The lacquer is then applied, either by me 
of a camel-hair brush, or by dipping the articles; 
former method being always pursued when the worl 
important; they are then leiurned to the healer fi 
minuie or two, by which mean* the kcquer becoi 
tmiformly diffused over the surface, bikI thorougllly dr 
Various methods »re adopted by different ribdu' 
turers for giving Co brass articles that peculiar app 
asce known by the appellation of bronze- 
After the works have been fitted together, they 
annealed by heating them over the open fire to the 
heat, and allowing the cooling to extend over oiu 
two hours ; but if the works should have been bra: 
a longer time is allowed for llie cooling. The heat . 
ployed in annealing removes any grease or dirt that 1 
have accumulated during the ptoceeiea of fitting; 
annealing is inadmissible with works that have been 
Boldered, as the heat would melt the solder ; and thi 
fore such works are annealed before they are fitted 
gether, and are afterwards boiled in a ley of pear 
to remove the grease. 

The work is next pickled in a hath of dilute aquafoi 
which may be made with two or three parts of wate 
one of aquafortis ; hut the old acid that has been i 
for dipping, and contains a small quantity of coppe 
solution, is frequently preferred. Tlie work is alio 
to remain in the pickle for one or two bout? accon 
to the strength of the acid ; but the metal must no 
permitted to remain in pickle for too long a time, t 
will be eaten into hdea. The entire surface of the * 
is next scoured quite bright with sand and water, app 
with an ordinary scrubbing-brush ; the work is t 
washed and allowed to remain in quite clean water 
B few minutes, until the dipping bath, which consist 
pure nitrous acid, ia ready. 

The green bronze colours, in imitation of the tinta ' 
occur on real bronze from long exposure to thjfl 
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iere^ are produced chemically on brass and gun-metal 
by a variety of acid applications, but in all cases it is quite 
Msential that the work should be first thoroughly cleaned 
from grease, and brightened, either with the file or emery 
paper, in order to allow the acid to act uniformly on the 
mrface. Works having ornamented surfaces to which 
the file or emery paper could not be conveniently applied, 
are generally boiled in a ley of pearlash, and afterwards 
Koared with clean sand and water. Sometimes vinegar 
alone is used as the bronzing liquid ; at other times dilute 
aquafortis, or a strong solution of sal ammoniac is used ; 
but more frequently sal ammoniac and vinegar are em- 
ployed together, in the proportions of from one to three 
ounces of sal ammoniac to a pint of vinegar, according 
to the taste of the operator, and sometimes a little 
common salt is added. 

A cheap but tedious bronze is made by dissolving half 
a pound of sal ammoniac in a quart of dilute nitrous add, 
say one part of aquafortis to two of water ; this takes 
about two hours before the colour is fully developed. A 
better and quicker bronze is made with one ounce of cor- 
rosive sublimate dissolved in one pint of vinegar ; this 
requires about a quarter of an hour to produce the colour. 
The best and most rapid bronzing liquid, but the most 
expensive, is, however, the nitro-muriate of platinum, 
caUed chemical bronze; with this liquid the required 
effect is produced in two or three minutes. The solu- 
tions are all employed in the same manner ; the work, 
having been thoroughly cleaned, is equally wiped over 
with the bronzing liquid, and this is allowed to remain 
until it ceases to act on the metal, which should then 
appear nearly black: sometimes, to assist the action of the 
acid, the work is slightly warmed, and, if necessary, a 
second or third coat of the bronzing liquid is applied. 
The work is then dusted over with common black lead, 
and brushed like a stove to give it a good gloss. 

With the view of rendering the action of the bronzing 
liquid as uniform as possible, small articles are some- 
times dipped in the acid; for larger articles^ the bronzing 
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liquid is applied very plentifully with a piece of rag ti 
to a slick, in order to aroid the appearance of streakSj'J 
which occur when the bronze is applied with straigbt M 
strokes. In some imses, as soon as the nearly t' 
colour appears to be eufficienlly developed, the workUnl 
rinsed in clean water to prevent the further a 
the add on the metal, which is afterwards dried and A 
bUck leaded. 

In other cases the bronzing liquid is plentifully o 
vered with black lead, in order to distribute i 
equally, and the work is then allowed to remain until 
nearly dry before it is brushed. The work is Anally 
lacquered in the ordinary manner. 

When it happens that, from the quality of the metal, 
the surface cannot by these processes be brought to a 
Bufiiciently dark colour, the following is recommended 
aa a cheap and eS^tual method of communicating the 
required tinge: — Mix about a quarter of an ounce of the 
finest lamp-black with about one gill of strong spiriti 
' strain the mixture through a fine linen cloth. 
7he work on which the bronze has been already used 
Inust then be warmed upon a cisiem plate, or over a 
dear fire, until it can scarcely be held in the hand. Then, 
with a fine camel-hair brush, such as is used for lacquer- 
ing, the work must he laid over with this mixture, in 
very thin coatings, until the required shade ia obtuned. 
When cold, it must be polished with a very soft brush, 
or piece of linen rag, dipped or moistened with clear 
green oil. A coating of lacquer is then laid over the 
whole, and the moat beautiful bronze that can be pro- 
duced on brass, will be by this means obtained ; and if 
the work be not made too black with the mixture, nor 
the lacquer used of too bright a yellow, the bronze ob- 
tained will be a beautiful dark green ; the colour so 
much used by the EngUsh brass-founders. By this it 
will be seen that any shade of what ia called green bronze 
may be obtained, simply by using more or less of the 
blacking, and a lighter or darker colour of the yellow 
lacquer: and the di&brent tints wished to be given to 
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the work will of coune be obtained bj the different 
thickness of the coatings of blacking which the fereral 
parts of the work leceiTe. The work, however, will 
stand much longer in colour, when the bronze can be 
made sufficiently dark without using the blacking at all ; 
and this may be efitoed by the following method. 

When ei^er of the bronzes first described has been 
used, and the work dried as there described, if the 
shade should not appear so dark as is wished, let the 
work be placed before a smart fire^ or in bright sun* 
ahine, where, however^ no current of air passes. When 
thus exposed, let it be turned occasionally, and brushed 
with a soft brush. This plan will be found to produce 
a very fine bronze, after all other means have failed 
(with the exception of the Uacldng), but it is tedious, 
and, where time ia an otgect, it will always be best to 
use the blacking. 

Urns and copper medals are bronzed by rubbing them 
with oxide of iron mixed with an alkaline ley, or, still 
better, with stale urine, when the metal has been brought 
to a certain degree of heat determined by experience. 
|if any of the bronzes employed for exposed metal works 
are merely coloured Tarnishes, which have often an in- 
jurious, and always a disagreeaUe, etkeu 



OdB very anciei 
its compoundE, 



■£ of metal, especililly of copper and 

in the making af lamps ; and for 

asmc purpose, in more recent times, the consump- 

1 of hrasB has been itnmenBe ; indeed, amidEt the 

^□ce, manufuctures, ta«te, and domestic 

a fact that brazen lamps have &[wa^ 

[ been, as the; Etill continue to be, iademand. Of the 

I bronze lamps in uee among the Egyptians, to nhom 

ir invention has been ascribed, — the Greelia, Romans, 

various other nations of antiquity, — we have frequent 

1 contemporary writers, while not a few of 

the articles themselves have been preserved by accident 

to the present day, and may be seen in tnuseuius, or by 

engraved representations in archEological works. Many 

of these bronze lamps appear, like the ancient candelabra, 

to have been of very elegant construction : little arl^ 

however, seems at any time to have been exercised in 

improving the principle of the lamp itself, -which in all 

was perfectly simple ; namely, the immediate insertion 

of the wick, by means of a small tube, or convenient 

orifice, in a vessel containing oil. They would i, 

L neral present a large shadow. To obviate i 
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E^ee tbis defecty the body of the lamp waR sometimes 
^ade with a projecting beak or spout, similar in shape 
to a butter-boat or cream -ewer ; so that, by placing the 
^ck in this part, the difiHision of the light was com- 
psntivdy little impeded in one direction. The imper- 
fect combustion of the matter drawn up to feed the flame 
most often have caused considerable smoke to arise, as 
every person may have observed in the burning of any 
old-fashioned lamp : hence we may conclude, that not 
only might the work of a tedious author incur the equi- 
Yoal distinction *' lucemam olet,** but himself and his 
study must literally have ** smelled of the lamp ; " and 
this unpleasant circumstance would likewise, as may be 
supposed, commonly attend the burning of ancient lamps 
in very different situations. 

Besides the demand created for lamps in modem times 
for domestic and other ordinary purposes, they have 
been largely required for the services of religion, as well 
in this as in ether countries. Travellers tell us that, in 
the city of Fesr, there is a mosque in which 9OO brazen 
lamps are kept burning every night : in Turkey also, 
and elsewhere) they are almost exclusively used in reli- 
gious illuminations. The universal use of lamps in the 
Romish churches is well known ; and the thuribule 
commonly used in the service of the altar, and derived 
from the Jewish censer, may probably have suggested 
the earliest form of some of our suspended lamps. 

It is no wonder that in this country, where the arts 
had made such progress, and, especially, previous to the 
discovery of the economical application of gas, con- 
siderable attention should have been paid to the manu- 
facture and improvement of lamps. Many of the 
articles so produced have been highly ingenious, some 
of them embodying the application of scientific prin- 
ciples, and others remarkable for their simplicity. 

Besides the ingenious lamps devised or described by 
Cardan, Dr. Hooke, Mr. Boyle, Desaguliers, &c., and 
hence bearing the name of these philosophers ; we have 
others, in which the supply of oil is maintained at a level 
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neu the point of combustion, hj cauEing it to float 
a fluid of greater specific gravity, as sea water ; 
was the principle of Mr. Barton's patent lamp. 1 
be obvious, however, that this and similar contri 
must always depend for their Batisfactory perfor 
too much on the careful management of the trimr 
be generally esteemed; hence, a lump that bums 
tifully in the laboratory, will often totally fail { 
kitchen ; automaton lamps of a most ingenioui 
struction have often amused the curious ; but how 
do we meet with them in use? The figure i 
margin (Jig. 41.) represents Proctor's 
patent spiral candle lamp ; so called from ^'^' 
its action and appearance combined, but 
now rarely employed. The lube A, which 
is called the candle, has, upon its lower 
end, a screw about an inch long, adapted 
to the inside of a tubular spiral worm, 
soldered within the pillar B, and reachin)^ 
from top to bottom. In the centre of the 
pillar ia fixed, by means of a knob al 
bottom, a Ells' upright wire, having 01 
upper end a plug of thick leather, fitted 
exactly into the candle tube A, so as to 
prevent the oil from flowing out at 
bottom. The poEition of this plug being 
about equal to the height of the nozzle C, 
the candle tube, when raised to its height, 
as shown in the cut, may be filled with 
oil by taking out the burner at the top ■ 
this burner is made to hold a flat or a 
round cotton at discretion. As the oU ia 
drawn up and coniumed by the ignited wick, and 
ever the lamp begins to bum faintly, a turn or 
the candle, by lowering it in the pillar, brings tb 
into fresh contact with the oil, which shows itself 
the burner, and the hght immediately revives. 
operation is repeated at intervals, till the top i 
candle is almost down to the nozzle, and, < 
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.die only renudning nipply of oil is in the tube between 
Ae plog and the burner. In this stage, the tube A re- 
quires to be again screwed back to its full height, and to 
h lepknished with oiL 

This ingenious lamp is of a handsome form, exceed- 
iBg^y portable, and casting little or no shadow ; and 
n^t have maintained its place in the public estimation 
bu tot two capital faidts : in the first place, it requires 
to be frequently turned about to keep up the oil ; and, 
Koondly, the candle tube insensibly becomes greasy, to 
ny nothing of the diflSculty of preventing all leakage 
tboot the plug. Many thousands of these lamps were, 
Wever, at one time manufactured, mostly of brass and 
of Britannia metal ; and as the patent was for keeping 
Bp the oil to the cotton by means of a spiral screw to 
lower the candle, its security was invaded by making 
the hmap with a Tertieal sliding rod, upon which the 
ping, by the means of a small knob moving along a slit 
in the pillar, or by a rack and pinion, was raised and 
Jotrered in the tube A, which in these imitation articles 
was stationary. The increased difficulty of preventing 
leakage of the oil on this principle, and the dirtiness oc- 
casioned by its frequently exuding through the vertical 
slit in the pillar^ tended materially to ruin the credit of 
this lamp. 

Of a characj;er resembling Proctor's patent, may be 
named Palmer's candle lamp, in which a composition 
candle^ with platted wick, is kept at a uniform height 
by means of a spiral spring. As the candle bums, the 
spring elongates, and thus presses its upper surface con- 
stantly against the upper portion of the tube, until the 
whole of the candle is consumed. 

The spiral spring has recently been introduced into 
the Moderator Lamps, for the purpose of forcing the oil 
up to the wick of the lamp. This will be understood 
by the following description and drawings : — The dis- 
tinguishing character of the moderator lamp is the direct 
transmission of the power, in the reservoir of oil, to the 
resistance ofiered by the weight of the column of oil, as 
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it rises W thecotwn ; — and, secondly, the 
of a rectangular ri'guletor, wliich equilibrate 
by the resistance of the oil and the force applied 
it. In the reservoir (_fig. 42.) is a Epiral spring 
presses on the disc or piston (^. 43.))i'bicb ' 
with a valve opening downwards. This spring ii 
to a tooth rack, worked by a pinion nheel, by the 
of which it is wound up. The mechanical force 
spring is equal lo from fifteen to twenty pounds ; 
this force is exerted upon the disc, floating on I 
this is forced up through the tube, and it overflt 
the argand burner, thoroughly satturating the cottoi , 
supplying a conaiant supply of oil. This oil falls bxi 
into the reservoir, and if, of course, above the din 
When the spring has run down, it is agdn wound up 
and then the valve opening downward allows the oil W 
flow back beneath the disc, to be again forced up Ibnngll 
Fig. 42. 




the tube. As the pressure employed is so great, Ae tH 
would, hut for l\ie " moder«.tor,'' flow over with tw 
much rapidity. Ttos moieraloT, w ^B^iaua^'i 



ll«iingri>doriraD-<ruv, which is pUc«l in the ucend- 
^ nbe; anil, as the piessnr? iacreaaes, it is foitxd 
Kieinto it, and checiia the flow of oil; wHotpm as it 
IniniBhes it falls, and being tapering, alkivs r 
Mk. Several ingenious adjustments are introduced 
Mo ihese lumps, as raanufactured by the Afaors. Tylor ' 
iWuwick Lane, with vhich we need nut at present 
ftii The cylinders containing the oil are covered with 
htt in metal or sometimes of porcelain. Two draw- 
tgsof these are shown (fg. 44. and^jr^ *5.) These 
)ipi admit evidently of yet more elegant forms than 

Fig. 44, Fi-/. 43. 
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have been given them. The urn-shaped, from 
tique, in very pure Uste, a the last introductio 
house above named. 

The annexed engraving (Jig, 46.) leprem 
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lamp for burning tallow in- 
vented by Mr. Monuora, 
Broadway, Worcester, and 
concerning which several 
noCii^s appeared in the Me- 
chanics' ilagazine, a few 
years ago. The burners 
are on the Argand prin. 
ciple, and contain a circular 
wick. A is the globular 
servoir into which 
of tallow is introduced, 
taking off the 
About the heater or hollow 
stem C, the metal serpents 
D E are entwined ; their 
heads being so placed over 
the flame during the bum- 
ing of the lamp as to main- 
tain, by the heat they cora- 
niunicaCe, the tallow in the 
Ktem at the temperature of 
fluidity, this object being 
obtained in the lateral tubes 
by the burners themBelveB. The reservoir ms 
screwed from the stem at F, previously to wl 
necessary to give tlie giobe A half a turn on th 
to shut in the tallow. The whole has a b 
modon by means of a pin in the pillar at G. 
lighting, a small solid heater is placed for a fe\ 
into the burner U set the wick with its screw a 
The manufacturer states that this lamp, with o. 
of tallow, will continue to burn for eighteen ' 
ducing a light more than equal to eight 
weight. 




One of tbe American scientific journals c 
dtsciiptton of a patent lump for burning tiUow, lard, 
hn-WBx, or other concrete oiU, which appears to com- 
Km limplicily and cheapness in its construclioD. It is 
Jlnpoied to n>ake tbe body of this lamp in the form of 
■ coiDmon tambler, with the cover, or upper part of it 
Oontei. Tubes with wicks are fixed in its centre in the 
ordinsr; way, and within llie body of ihe lamp there is 
1 cup, which IS open at top, and may be about half the 
baght of the shell or external case of the lamp. This 
cup is borne up by a spiral spring, lO that its upper 
edge is kept in contsct with the cover of the lamp : 
fiom the centre of this cup a wire, which may be of 
topper, ascends, and passes through a hole in the centre 
tf tbe burner, to which the tubes are attached ; this 
rise BO high that the flame of the wicks may 
which heat, descending, mella the concrete 
being aided also by that portion which it coin- 
to the cup, and wire spring; to which it is 
When the lamp ia to be filled, the wax, 
&c in a melted state, is to be poured into it, so 
only to fill the cup, but the body of the lamp 
When the material ia partly burnt out, and be. 
itoo low in the cop to supply the wick, the wire 
be pressed, which, causing the cup to de- 
'irill again fill it, and when the pressure is re- 
action of the spiral spring will restore it U) 
_ The points depended on by the patentee "are 
construction of the cup, sprbg, and beater," by 
which " the great difficulty of tiie tallow's getting low, 
and beyond die influence of the heat, is avoided." This 
comUnation is believed to be new, although the heater 
alone is not so, a copper, or other wire, having been 
ft«qiiently used to keep tallow, &c. in a welted state for 
burning in lamps. 

It would be tedious to enumerate the various modi- 
fications of form and action to which the oil lamp haa 
been subject, previous to its arrival at what (nay be 
deemed its perfect construction by Argand. The dis- 
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covety of the mode of applying a new principle by 4'' 
individual not only praiiuced an entire revolution in 
manufacture of [he article, but threal^neil with mil 
thoBe whom the patent excluded from participntion in 
the new 'trade ; bo much eo indeed, that Argand, who hid 
not been apprenticed to the business, was publicly peise< 
cuted by tiie tinoers, lockamitha, and iroomongerB, wlm 
disputed his right by any improvements to infringe the 
profits of their chartered vocation. " This invention," 
to quote a description of the lamp pohliahed flome yean 
ago, " embraces su many improvements upon the com- 
mon lamp; and h«E become so general throwghout Europe, 
that it may be justly ranked among the greatest disco- 
veries of the age, As a substitute for the candle, ithaa 
the advantage of great economy and convenience, with 
much greater brilliancy ; and for the purpose of produ- 
cing heat, it is an important instrument in the h^ds of 
the chemist. We may, with some propriety," continues 
this authority, "' compare the common lamp and the 
candle to lire made in the open ur, without any forced . 
method of supplying it with oxygen ; while die Argand 1 
lamp may be compared to a fire in a furnace, in which < 
a rapid supply of oxygen is furniehed by the velociVr 
of the ascending current. This, however, is not tM • 
only advantage of this valuable invention. It is obvioiu 
that, if the combustible vapour occupies a considerable 
area, the oxygen of the atmosphere cannot combine with 
the vapour in the middle part of the ascending coIiudh. 
The outside, therefore, is the only part which entot 
into combustion j the middle constituting smoke. Tliii 
evil is obviated in the Argand lamp, by directing a cui^ 
rent of atmospheric air through the flame, which, instead 
of being raised from a solid wick, is produced from n 
circular one, which surrounds the tube through which 
the air ascends." 

The mechanism of the Argand burner, in its present 
improved state, will be clearly uoderslood from the an- 
nexed figures and explanation, which apply equally to 
each description of the lamps hereafter described. 



A (fg. 47.) ia a hrMB tube, about 3j inches in length, 
ud ]} inch wide : within tbia tube is place<l anoihpr, 




B, which is Boldeicd faEt inside b; the flange at C : the 
qMce between these tubes contain* the oil surrounding 
Qxe wick, and which, being freely admitted from the 
Teservoir by the Bide pipea D E, rises in the tubular 
fpace, either to a height corresponding with its level in 
l&e reaerioir, or at least so as to maintain the wick in a 
«lale of constant saturation. The tube B is of conaider- 
ahle thickness, having a spiral groove cut about it from 
top to bottom r F ia a metallic ring made to slip over 
the tube B; it contains a short pin inside, which fits 
exactly into the spiral groove just mentioned: G is the 
circular woven cotton wick, the lower end of which is 
drawn tight upon the neck of (ha ring; H ia a copper 
tube, with a tilt nearly from top to bottom : it admits 
the riflg F, and being dropped over the inner tube B, 
exactly fits the inside of tile wider tube A, by means of 
Ittiarrowrira near the top at a, and another at the bottom 
b: between the upper rim and the margin, there is a 
■mall projecting pin e, which, when the whole apparatus 
ig combined, fits into the cavity e of the collar J. To 
prepare the lamp for use, the tube H is placed between 
A and B as just described : the ring F, with its charge 
'of cotton, is ne\t inserted, the pin in the inside falling 
Into the spiral groove, and that on the outside entering 
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the slit in the tube H, which, on being turned abonlt 
loOTei the ring F liown upon the screwed inner robe, 
until the flick only just rises above the Euperjor edge) 
of the tubes, in the interval between which it lies in the 
oil. In thie stage, the frame I is placed on the nick 
in the collar at e, falling upon the pin near th 
H : the lower d\sc/g, passing over the tube A, 
presents a convenient support for the glass (jumnej', 
and a finger-hold for raising the wick. The ceninl 
tube IB open throughout, communicating, at its lower 
end, with the brass receptacle K ; the latter is perforued 
at lop, to admit the air which, by circulating through 
the above tube, and the hollow Same which surrounds 
it, causes the lamp to bum with that peculiar freedom 
andbrillianey wliich distinguish the ArgaudconstrnctioD. 
This last-mentioned receptacle likewise catches any small 
quantity of oil which may pass over the inner tube, 
during the combustion of the wick. L is the brass pe^ 
which tits into the upper part of the pillar, in the table 

In addition to the endless variety of small portable 
lamps, the peculiarities of which it would be l^ous to 
particularise, and the merit of which, as compared widi 
those on the Argand principle, consists, for the most 
part, in their cheapness, the more important articles, and 
those generally in demand, may be distinguished as fixed 
or bracket lamps, suspended or chandelier lamps, and 
table or French lamps — all these having burners on the 
principle above described. The former sort were, pre- 
vious to the introduction of gas, very common in shops. 
The globe A (fig. 48.), which is sometimes made plain 
and sometimes embossed, as in the cut, screws oiF, when 
the oil is poured in at an opening in the lower part, 
which is afterwards closed by means of a slide attached 
to the stem B, and the globe, thus replenished, is in- 
verted and screwed into the part C. When the lamp 
is used) the stem B is raised a little, and the oil is suf- 
fered to flow through the intermediate tube into the 
cistem D, only at the rate at which it is consumed b7 
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be burning of the wick. Tlie peraliu farm of die ^tm 
nej B is admirablf calculated to usiit in the more 

Fi^. 4S. 




complete combiution of the matter drawn np to the 
wick when impure oil is used, a desideratum originally 
"n part secured by placing over the central tube, and in 
tbe midGt of the flame, a drcnlar metal plate, by means 
of which the ascending column of air w»a tnrneii out 
of iU perpendicular course, and thrown immediately into 
that part of die flame where the smoke is formed, and 
which by this ingenious contrivance is effectually eon- 
Kuned ; this application, however, is not neceesary, nor 
the form of much moment, when purified sperm oil is 
uaed. These lamps being usually made to move on a 
jiivot at F, attached to the wall or other support, are 
very convenient in many situations, as being easily ad- 
vanced over a ilesk or counter, and afterwards turned 
iside, when not in use. 

F'iff. 49. represents a suspension lamp with three 
Argand burners: the dotted lines A, B, C, indicate the 
ground glass shades, which are usually placed over the 
ordinary glass chimnies, lo soften and harmonise the 
Ught. The reservoir D screws off, and is filled with 
tH in the manner above described ; and in like manner 
B is at the same sluice pin, by meaits of which the oil 
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U KuSered to flow through the Istenl tubes to ' 
the tlu-ee buraers. Tlie&e Umpe, which are appropiii 
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naphtbaand ramplimelainps<J 
this order. The accompanjing 
wood-cut (fy.5l.) shnws ihe 
peculiarity of the camphioe 
lamp, where the rewrvoir of 
Hpiric (turpentine depriyed of 
emell) is far below thi> burner, 
to which it aaceods by capUlarj 
attraction, through the tube« of 
the cotton wick. 

As already intimated, ibe 
lamp trade sufiered exceed- 
ingly by the introduction of 
gag, not only into shops, plans 
of public warship, he, bat 
likewise into passages, halls, 
and even, in some instance*, 
into dwelling houEeB. It fau, 
however, happened, fortunalelj 
for the brass-worker, that the 
form rather than the material 
of the contrivance for dispen- 
sing light has undergone mo- 
dificaiion ; while the weight of 
metal actually consumed hag 
been very much increased by 
the change. For, while country 
mansions generally, to say iu>> 
thing of many others, most 
still be largely indebted In 
their apparatus for artificial 
tight to the brass lamp or can- 
dlestick maker, the extended 
use of gas has compelled lens 
of thousands of individuals to 
obtain standards or branches of 
netfll.who would otherwise have contented themselves 
tin lamps or iron candlesticks. In the umial forms 
I gas-light appendages we rect^ise the three dii- 



pifiseH tile oil lamp in iU capability of fp-eater extension 
from llie nail or other Eupport, being composed of two, 
thiee, or mare tubes, carefully jolDIed, so that, u>~ 
me, it may either b« retracted to the lengtli of a 
Inbe, or be brooght out from two to three feet, as moat 
Some of these brancheB, deaigned for 
and other public places, are very inasslTe an ~ 
1 their appearance, whether coloured in iniu 
r.bronze, or made of lacquered brasa. 
chandeliers for burning gas still more nearly n 
the suspended oil lamps in their general atrui 
In addition to the chains, however, which ai 

ined, as being ornamental, there is a tube 
ling from the ceiling, where it Ib held by a ball 
^■ocket joint to the centre of the ligliu, 
nicating above with the main pipe : in soi 
this tube has been disjiensed with ; a hollow chain, in- 
vented by Mr. James Simpson, a Scotch advocate, who 
had B patent for it, having been used at once to suspend 
the lamp, and admit the gas ; this ts, however, now, for 
abviouB reasons, abandoned. The standard lamps a 
generally straight or taper pillars of brass, more or le 
onian>ented, and mode to screw at the lower end in 
fixed sockets, communicating with the common eetvi 
pipe. 

The (a'dinary burners are the simple jet, the batwing, 
and the Argand. The first consists of a. single perfor- 
Uion, about the size of a common pin-hole, made it 
■mall metallic knob or nipple ; the second is a slit, ( 
with a saw in a knob of the same shape, and which csui 
the issuing flame to spread like a fan ; this is the c( 
gas homer used in the street lanthoms : it gives a 
■iderable degree of iUuinination, with a moderate eitpen- 
dilure of gss. The third resembles, in general form and 
principle, the Argand burner of the oil lamp, except 
that, instead of the circular aperture for the ci 
space is occupied by a small iron plate^ in vchich is drilled 
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a cirde of minute holes, through nhich the gu iisi 
a tubular flame. 

Very mauy Argand burners with an improvement iiH 
vented by the Rev. Mr. Kilby of Wakefield, and lot 
which MeBSTB. Dixon of Walsall had a patent, nere much 
used. The peMiliartdes of this burner were, first, llw 
gas issues from a circle of perforations much more minuta 
and numerous (from twelve to twenty-four), aa well as 
inore contiguDus to each other, than in the commoB 
burners, so that the flame is perfectly continuouB, like 
that of an ArgsndoillaiBp; anci, sec^ondly, from the con- 
struction of the air passage in the centre, a stream of air 
is impelled against the ineide of the flame, and prevents 
it irom contracting at the upper end, and assuming the 
form of a trunoaied cone, aa it is often seen to do in the 
common Ai^ands. Instead of being tinged with blue, 
as the flame of gas frequently ia, it has from this burner 
a slightly yellowish cast, owing, as is supposed, to a 
more perfect degree of combustion taking place, while 
the saving has been shown by the meter to be from 20 
to 30 per cent. In favour of this burner. Mr. Le^e 
has invented a burner in whieh a set of fine tubes are 
arranged in a circle ; every jet being surrounded with 
air, the combuation is exceedingly perfect. 



Tubes of brass are used for an immense variety of 
purposes, parti<:ularly in the manufacture of telescopes 
and other optical as well as philosophical instrumentir 
in the construction of several sorts of lamps, and verf 
largely of kte in the pendants and standards for gas 
lights. Tubes are made of slieet metal, which, for this 
purpose, is cut with shears into pieces of the length and 
breadth intended. If the tube is required to be two 
inches diameter inddc, a narrow slip of the material is 
cat off, and bent close about a mandrel of Uiat sise, 
until the ends just meet ; this, when straightened out, 
gives the breadth of the piece irhich is to form the 
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tube. Such piece having been cut from the iheel^ 
care being; taken that the edges are exicll}' itratgbl. and 
the breadth uniform — ii la next bnghtened by filing 
ilie surface about a quarter of an inch dftp at the op- 
pmtte edges on the came side, tt ia then plued upon 
a rounder of wood or iron, am), bjr means of a msilet, 
bent round until the edges (come into contact, and 
vhich by hammenng are made to lie very cloie and 
U — the brightened parts coming together in the in- 
■ide, and presenlmg a clean surface for the reception of 
the solder. If, however, the tube were to be exposed 
to the fire for soldering in this state merely, eipfcially 
if the metal should be thin, the heat wouir] cause the 
suture so to open that it would be impossible to solder 
it! it requires, therefore, to be htid together by hoops 
of email wire, placed at interralt of an inch apart, and 
twisted 90 as to bring and keep the edges of the metal 
in close contact, thus : — 

Fi^. 52. 



The tube, thus prepared, is ready to be charged for 
Mlderlng by the Introduction of borax and spelter colder. 
For these purposes the borax (previously " burnt," or 
made to swell into a tight friable mass by exposure to 
the fire on a metal plate) is triturated with water to 
consistency of cream, in which state it is rubbed 
•long the outside of the tube upon the seam, and Uid 
in the inside all along the brightened parL Tlii> oper- 
ation is performed by means of a small rod of iron, 
m&ewhat thicker than a flatted knitting pin, and which 
rei also to enable the workman, who must have a 
idy^ hand, to take up and convey into the tube a re- 
gular charge of speller solder, which is placed in the 
bwax upon the seam. 

For the soldering of brass, green or blsiing coals 
cannot be used ; the best £re is composed oi wk^^^^ 
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coke, which must be -urged by ihe bellows B 
bUEt, by its Hction, clearly indicates the spotfl 
greatest iniensiCy of beat. Over this lire the te 
be held by a pair of light tongs, untfl the 
somewhat dried or "risen,'" this wOl be the case » 
bubbling awhile, during which it will mix up and detun 
the EoldeT. The tube must now be heated along the 
opposite side, until it becomes slightly red hot | it nniM 
then be turned over, and the seam exposed to the hotteit 
part of the fire, as nearly as may be, without touching 
the cokes ; at a cherry red heat the borax will &U and 
melt. Bod presently the solder will follow ; the tube, at 
the fusion proceeds, being drawn along, so as (o espoH 
every part of the line to the action of the heat. The 
tube must afterwards be laid carefully to cool, when > 
singular crepitation lakes place, as the small scales and 
vitrified borax are detached in consequence of the eon* 
trac^on of the metal by cooUng. Great care ia required 
in the management of the foregoing operation : the beU 
lows must be worked very gently, particularly after the 
tube becomes red hot, for the metal being exposed to 
the blast, ia so nearly in a state of fusion when the Mtldel 
melts, that it is often bnrnt through in consequence of 
not being removed at the exact moment when the mI- 
deriug is complete : some sorts of brass, indeed, will 
stand a much greater degree of heat than others. The 



tube is also very liable to 
the cokes during soldering, < 
water while very hoL 

On the removal of the wi 
an hour in a pickle of sulphi 
after whidl 



broken, if allowed la tondl 
all bent, or put into 



the tube is laid for faalf 

acid diluted with wster, 

well washed and scoured with saod in 

being dried it is ready for drawing. 



The drawing bench {Jig. 53.), consists of a stout planki 
bearing a front plate A, the rack B, a large cogwhed C, 
having on its axis a pinion acting on the rack; D ii 
(he handle affixed to another axle, with a pinion scting 
on the large wheel ; E E are smooth steel maundreli, or 
triblets, very exact^^ turned, having shoulders near each 
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^ and either knobfl, as at a, or cottar-holes, as at h, 
br connectiDg them with the near end of the rack : F 

Fiff, S3, 




i a whortle, or disc of steely about an inch in thickness, 
Dd having a hole turned in the middle, a little larger 
lan the diameter of the maundrel. 

The tube being pushed upon the maundrel^ it is left 
> project at one end about a quarter of an inch beyond 
le shoulder, against which the projecting portion is 
!8ten down with the edge of a hammer, so as to form 
flange, and prevent the tube from slipping off over 
e maundrel in that direction : the neck of the maun- 
el, at the end just mentioned, is passed through the 
bortle, and fastened by means of the knob or cottar 

the end of the rack, in the position indicated by E a. 
y turning the handle, and drawing onward the rack, 
e maundrel, with the tube upon it, is pulled forcibly 
rough the whortle, which rests against the front^plate ; 
' this operation the tube is elongated, stiffened, and 
ightened^ in degrees proportioned to the amount of 
mpression which is sustained between the maundrel 
d the whortle, grease being used upon all the articles 
r the purposes of lubricity. To strip the tube from 
e maundrel, a whortle turned to fit close to it, and 
lied a '* taker-off," is used, the maundrel being for 
is purpose attached by the other end to the rack, 
lien the brass is very ductile, tubes may be reduced, 

repeated lighting, pickling, and drawing, to a very 
in body indeed, presenting at the same time a beau- 
111 surface ; but if the metal be bad, the tube will, if 
ich drawn, fly open along the seam, oi 'bieti)^ yclV^ 
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tides, or snap in the middle during the operation. TO 
prevent ibeae evils, it is particularly requisite that tb^ 
maundrel should be ael, as at A, exactly in a. line niiti 
the rack, that the whortle may operate equally on the lutes 
to secure, with the greater ease and certainty, this oltjet*, 
the drawing bench h»B been conalructed in a verliol 
instead of a horizontal position, and having, instead of 
the rack, a flat chain, to which the maundrel being at 
tached, in a great ineasure secures a straight pull. 

The following is a representation of the brass-turner'i 
lathe: AB (Jig. 54.) are the puppets of wood, fastened 



Fig. 5i. 




by means of wedges under the frame C : they may be 1 
made of cast iron upon a bed-piece screwed to the frame: ] 
D is the spindle, and E the rest ; so far the parts are ' 
comm'on to iatheE in general. But in this engine the ■ 
spindle, instead of being balanced upon a centre point 
at the small end, is finished with a knob, and resit In * 
collar, the frame of which projects about two inchei 
from the near face of the hinder puppet, the intermediate 
space being occupied by the knob, and a sTnall boss OH 
a kick-up lever F, calleil the frog, against which it abuti, 
and is thus kept steady. The spindle is cut with screw 
threads of different sizes, a, e, i,oi the nose G coniaini 
on the outside a few turns of a large screw for the recep- 
tion of wooden chucks, and in the inaide it is tapped 
with a iiner thread, for the insertion of braaa cbuoln; ' 
the screw-puppet H has upon it a contrivance called > 
<iif«etor, tile use of which will presently be espiaui# 



I The chocfcf, which are screwed upon the bigger eni! of 
lllic ipinille, for the tumiog of castings, are made of box- 

1 bolly, or crab-tree. 

Te tools used by tbe braa»-turner ate the fallowing 
oJ) : a, point-chisel used for cutting tubes into 




king deep circular incisions ; b, square^ 
lied as it ma; be in shape, is for a great 
nlng ; c, flat-edge, for turning straight 
curfBCes ; d, round end, for hollows ; e, knurling-tool 
v eorder for ornamenting raised parts, or roughing the 
finger^hold of screws ; /, outside, and g, inside screw- 
tooL A casting being driven into a cavity in the end 
of a ■wocd chuck, and made to "run true," as it is 
termed, by a few strokes with a hammer, a file is briefly 
applied to lake off lome of the roughness and outercoat- 
ing, after which the chisel b is used, until the article is 
reduced to the size and form intended ; if it is to be 
■crewed on the outside, the operation is as follows : — 
The workmen throwing hack the frog F, into the posi- 
tion of tlie doited part K (^g, 54.) ; and turning the 
thumb-bit of the director screw on the puppet H, he 
IS the cpindle backwards and iornards a few turns, 
T 2 
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by means of a peculiar motion with hit 
treadle. The space opened by the removal of 
allows the smsll end of the spindle to play horimn 
HE the other end doea, through its collars ; and 
screw on the spindle at ij is pressed againHt 
of a bit of wood in the director, the notion at the 
is so exactly correspondent, that on the steady appi 
of ihe serew-iool F, being of similar thread and 
a worm is cut upon the casting answerable in all 
thereto. It will at once be perceived how, wil 
other tool, an inside screw is cut by a similar o| 
The side view of the director given in the ma^inl 
S6.], will convey a more distinct idea of the 
which this 

the frame on the lop 
, puppet, is a piece of 
I sheet iron beat up 

b ; a square piece of 
i placed lengthways 
I frame, having at one 
shoulder, fitted to mov 
up and down in the groove at h, the other end 
ting in a screwed pin, which passes through a b 
the plate at a, and contalnB on the outside the • 
screw d. From this description it vrill easily be a 
that when the screw d is turned, it will, by drawing the 
angular end of the piece c, against the inner side of the 
upright a, cause it to rise from the inclined position in 
which it is represented, so as to force the bit of wood e 
to bear against the under side of the spindle ; and thus 
by acting upon the screwed part, to cause the entile 
spindle to assume that vermictdar motion before de- 
scribed. The moment the screw is cut upon the article 
on the engine nose, the eared screw d is turned back, 
the director falls into the inclined position represented, 
and allows the spindle to revolve freely as before. Some 
brass turners by long practice have attained the art of 
ranning a screm, as it is called, J. e, wilhont uang Qte 
director ; and while the spindle is revolving m u 




tbcf so apply, b; a sliding motion, the tnol ax t 
Hand finUh the threaiis. Screws forrn«il by tliii me- 
1, however they may serve for merely connecting 
H of metal together, aie ofEen waving and unfit for 

e-turning flat surfaces the tool c is used ; the 
tiich h ground somewhat sloping, being ciiefully 
i vith oil ou a tine stone. It has been founil that 
rtly passing along the edge a iteel humtahcr will 
« chisel cut more smoothly ; in line work, how- 
e turning is rarely so perfect as not to require 
ergetting up previously tolacquering: often, in deeil, 
is a roughnesB and creatineis, which are with dif> 
flcnlty lemoved by the appUcation of sand and emery ; 
the foimer is pounded ganiiter, used with a short soft 
ctkk dipped in water, followed by Trent und and oil 
apph'ed in a similar way : the latter, by attaching It with 
f^lie to strong paper. 

Fig. 57. is the lathe for turning oval article*. The 

fixed pstti ate mostly the same as in tlie common laihe, 

Fig. 57. 
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except in the form of the front puppet A, which ta cast 
Tilth bterai projeclions, fitted with screws for Ihe support 
of the director B. This appendage is a circular piece 
of cast iron, haiing arras perforated with openings in 
the direction of its diameter, so as to allow it to lie 
batened in the required position, by means of the aluve- 
inentioned screws, on the face of tlie puppet. From the 
Muface of the circular part projects a ring or neck /, 
M shown in Jig. .'iS. ; the chuck, or sliding apparatus, 
(Jig. 59- }j cousisls of three circular plates of considerable 
T 3 
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strength; to the first is attached the piece a, having ft 
screiT inside adapted to the screw on the nose of the 
spindle of the ladie : the middle plate consists of two 
semicircular pieces, between which, and upon tlie suifaoe 
of the first plate, the piece b is made to slide. To thii 
slider is firmly attached the screwed nose c, bt nhich is 
affixed the articles to be turned ; the extremities b d, 
are bent so as to fit exactly upon the projection f 
{fig. 59,), their smooth and uniform motion being ttSl 
farther secured by means of two screws. This slide is 
kept in its place in the chuck by the front plate, whioh, 
by means of an oblong opening, allows the neck attached 
to the slide to move backward and forward in the di- 
rection of the diameter of the chuck : the whole is kept 
firmly together by six screws, which pass through the 

H'hen the apparatus is collectively fixed, as shown ia 
fig. 51., the piece a screwed on the nose of the spindle, 
the bent ends embracing the neck f, and (he director B 
fastened by meaos of the screws to the front puppet, so 
that the centre of the nose c shall be exactly coincident 
with that of the spindle, any article turned upon the 
lathe while in this state will be circular, exactly as if 
the apparatus were Dot present. It will be perceivedt 
however, that if tlie director B be advanced in the di- 
rection of its diameter across the puppet, and fastened 
in that position by means of the screws passing throngh 
its perforated branches, the slider fitting close upon the 
projecting ring will be advanced also, and along with it 
the screwed nose or neck c. In this state, instead of 
the centre of the nose c being coincident with thai of 
the spindle, as before, the two centres g h {fig. 60,), are 
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established, and any article turned upon 
tbe lathe while in ^is itate will have, if 
\ oparated upon so that its surface lie 

e plane with the spindle, every 

point of its circumference, or if figured 

1 right angles with the spindle, every point 

inddent lines, at equal distances from the nearest 

f the line between the centres. To pmluce theie 

k it will be perceived that, while the connection 

I the spindle and the chuck secures a rotatory 

'le arrangement of the slider allows the nose, 

sver article it may carry, to move through the 

'e described. 

f,-6l. represents the face of the near puppet of a 
d fig. 62. a cydoidal chuck, for ornamental 

EJ%.G1. 
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__ originally described in the Mechanics' Maga- 

In fig. 61., a is the spindle, 6 s brass cogwheel 

r bolted to the head by the bolt c ; the wheel having been 

I prieviously soldered to a piece of thin iron with a pro- 

I jeedon on each side, (/. In thefaceof tiiechuck(^jr.63.), 

1 A is a circular iron plate, three sixteenths of an inch thick, 

carefully and accurately turned ; B B are plates forming 

a groove for the prindpal sliding plate, C ; D a cover for 

I Ae prindpal wheel, of thin iron, supported by rinp of 

tmsa beneath the four corner screws ; F a piece of iion, 
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CAnyiDg the screw G, upon which the work is to be 
fixed : this iron is turned with a pivot that goes through 
the large braes wheel H, to which it is Snniy soldered, 
and this pivot turns in tlie principal sliding plate C ; all 
the parts must be accurately turned and fitted. The 
principal wheel H contains ninety-six teeth, which are ■ 
numbered upon it. If tlie head-ilock wheel were 
removed, and a catch-spring added^ so as to take into 
the teeth of the chuck, in this state, an eccentric motioii 
mi);ht be communicated, and rounds of beautifully in- 
terlaced circles turned, in numbers corresponding to die 
size of the pinion used ; and it might he made to answer 
for an oval chuck, by longitudinal perforations in the 
foundation plate, through which two lips rnight move 
Upon the eccentric circle fixed to the head of the lathe. 
I, is a piece of steel, which has a corresponding one on 
the back of the chuck, to which it h strongly screwed, 
and through both of which a hole is drilled for llie 
axis of the wheel K, which axis carries the driving 
wheel L. There is a concentric perforation in the 
plate of five sixteenths of an inch in breadth, which 
allows the two lost-mentioned plates, with the wheeb 
they carry, W follow the great wheel H, however fax 
from the centre it may be set ; K is a wheel on the 
hack of the plate, cut wiih seventy-two teeth. It is 
twice the circumference of the one fixed upon the head of 
the lathe ; which is, of course, cut with thirty-six leelh. 
When, therefore, the chuck is screwed into the nose of 
the spindle, the wheel K revolves once on the fixed 
wheel, while the sjrtndle revolves lieice. The small 
face wheel has twenty-four teeth, and is one-fourth the 
diameter of the great wheel H ; therefore that revolvea 
once, while the spindle has turned eight times, and an 
accurate circle of eight cycloids will be traced. By having 
small driving wheels of different numbers, proper pro- 
portionals of ninety-six, the number of cycloitb will be 
greater or less at pleasure, and may be cut nearer to « 
farther from the centre, one within another ; and by 
lakiig off the small driver, and moving the great wheel 
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fbrwBrd or backward any number of cogB, the cjclotds 
win intfrsect each other, wiih a beautiful and enillew 
vaiietj of fomiB. By making the small plati! T nitfi- 
ciendy long to carry another small wheel upon a Rued 
javot, all the patterns and cycloidii ara reversed. This 
chuck must be worked by a alow hand-motion ; tl 
movements being too complicated to admit the applici 
tioD of the foot, in giving revolution to the apindle, b; 
mt'DU of a wheel and treadle, as in the common lathe, 
■ltd even in the ordinary oTal-tuminR engine. 

The OTal engine prevlotuly described may be used 
for the ornamental turning of surfaces on a plane ai 
right angles to the spindle, especially if the chuck he m 
constructed that the work which is fixed upon it may 
be moved into various poBitione. For example, ihe 
Binplest delineadun of which the machine is capable 
will be the single elliptical line, executed by the appli- 
cation of a tool during one complete revolution of the 
^indle ; this may be tilled by concentric ellipses of di- 
minishing diameter. If the work be then moved on 
ova sxU, an eighth or a quarter of a circle, and ci 
centric ellipses executed aimilar to the first series, th 
■will cut each other, and form a handsome fret ; or if the 
work be only moved a single degree after each operation 
of the tool, the lines will then be eccentric to each other 
in such a manner as to exhibit the bcaudful appearance 
of some of the engine-turned watch-cases. If, instead 
of moving the woiJc about its centre, it be advanced 
•fter every delineation in the line of its longer axis, 
eHipses niil be in the same d^ee eccentric to each 
olhei in that direction ; or, if it be moved at ri 
angles to that line, they will, on the contrary, be eccen- 
tric in the bearing of the shorter axis. Of course, if 
the coniiBntric lines, instead of equidUtant throughout, 
be turned in sets of three or four, with spaces between, 
the appearance of the work will be diflercnt, as it will 
be also by merely cutting the hues deeper at certain in- 
tervals. These remarks will show, that ornamental work 
of a pleasing character, and susceptible of considerable 



I variety, mny be t;xecuted by means of a compaiaUM 
r cheap machine, poEseBsiiig little complexity. 

Brass-turners have often occasion to reduce w 

^zes of wire at the lathe for the purpose of n 

small-headed screwi, stnds, or other like matten 

] the Repertory of Arts (vol. for I8O6) may be £ 

, %ures, and the description of a wire chuch, in 

ire to be turned is held by three comre 

s passing through a clumsy piece of brass; 

it better calculated for the purpoie,:^ 
It different times been publiEhed, The following d" 
will be found at once simple and coqTenient, A(/^.6 

Fig. r,3. 




represents a brass chuck, of which B is &e part at 
to fit into the nose of the lathe spindle : C is a 
projection, say two inches in length, perforated e: 
to receive the wire D D. This projecting i' 
screwed outside, to receive the square nut E. 
afterwards cross-cut with a saw a$ far as the thidc 
of the chuck. Wheu the nut is loose upon the | 
screw, the wire may be drawn out a Utile, or suffidl' 
for the purpose required, after which, by aer( 
the nut E by means of a spanner or grip F, 
will be held fast enough to allow of the e 
tamed, and afterwards tapped, by an appUcalioi 
screw plate : the screw may then he sawed oW, 1 
screw being relaxed by means of the spanner, t' 
is drawn forward a httle, and the operations of tl 
^PPi^g) &c- repeated. 
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CHAP. XIV. 

OPTICAL INSTRUUENTEU 

m«lt discoyxet or optical powers. — stjawmkkt ow claims 

to thb invention op thb txlzscopk. subsxquxmt xstab- 

xishmznt in this country of manufactures of optical 

instruments. — single microscopes. pocket microscope. 

— Culpepper's microscope. — jewelled magnifiers. — > 
yritchard*s jewelled microscope. — perspective glasses. 
opera glasses. —- fluid lenses. achromatic tele- 
scopes. ~- description of different parts of the instru- 
ment. astronomical telescopes. reflecting tele- 
scopes. metallic specula. hbrschel*s forty feet 

reflector. lord rosse*s great reflector. » mr. las- 

SELL's mode of POUSHINO SPECULA. 

Although it would be out of place in the present work 
to enter at all into details connected with the science of 
optics^ the theory and phenomena of which^ indeed^ have 
been amply explained and elucidated in a volume devoted 
expressly to that subject by sir David Brewster*^ yet^ so 
lai^ly does brass enter into the formation of the bodies 
and framework of most optical instruments^ that it be- 
comes desirable^ in a treatise of the nature of that now 
before the reader^ to take some notice of the manufacture 
of those parts which are composed of metal. The inven- 
tion of the telescope has been referred to the thirteenth 
eentury^ and it is said not only to have been perfectly 
well known to Roger Bacon, but to have been used in 
England long before the time of its alleged discovery on 
the Continent.f From documents preserved among the 

• Cab. Cyc. (Optics), vol. xix. 
. t The invention of the telescope has been referred to a still earlier 
period. Father Mabillon mentions a manuscript he saw in an abbey in 
the diocese of Freisingen, wherein Ptolemy was represented, observing 
ttie Stars with a tube, *' like our modern perspective glasses." This ma- 
nuscript is said to have been written in the Iseginning ol 1\\q \\i\x\.9«\\X^ 
fieottujr. MabiUoa doe» not mention that the tube Mid %V&&%e% % ti^VCc^vt 
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BlBte archiTes in tlie Hague, it sppears that, in Oclobei 
I6O8, two individuals at least (and probably more) 
were actually in possession of the secret of making 
"instruments for seeing at a distance.'' An intereating 
article connected with thia curious enquiry, and written 
by professor Moll of Utrecht, may be found in the 
earlier numbers of the Journal of the Royal Institution 
for 1831. This learned German, although he prorei 
that Hans Lippersbey, a spectacle maker of Middle- 
burg in Zealand, and Jacob Adriaansz, sometimea 
i^ed JletiuB, of Alkmar in Holland, were both in pos- 
session of the art of making telescopes at the period 
above mentioned, remarks, tliat the latter, whatevei the 
grounds of his formal pretension, certainly gave up bil 
claim to the distinction of inventor; while there is little 
reason to believe that the former, who has commonly 
had credit for the invention, is really entitled to thit 
distinction. He was certainly an ingenious artist ; sncl 
it is probable, that either he or his son invented a com- 
pound microscope so early as about 1590. 

Whoever was the inventor, it is generally admitted 
that thia Hans Lippersbey was the first actual mann. 
facturer of the " spying glass." Moreover, there ap- 
pears to be little doubt that the telescopes made by thii 
optician for the states-general were binocular, although 
the invention of the instrument, afterwards so calietl, 
has been generally attributed to the capuchin friii 
lUieita, who describes it in one of the most singular 
books ever written. Thia conclusion results from the 
recorded fact, tliat their high mightinesses the Dutch 
legislators, to whom Lippersbey presented a petition, 
praying for a patent, or the state patronage, accorded 
the latter, on the condition that the artist would make 
the instrument convenient " for seeing with both eyea." 
This olgect he appears presently to have accoroplishei^ 

w«f then used onlf tu preierve «n5 direct Ih'e .IgH w ui Mudor 11 non 

all ihe niji reficleri (tqib «heii, whom proilndty nlilit lu ' ' 

the Image leu piadie."— Pka. Ttiiiu.,icA.'eiV. i.\%. 
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after which he reoeiyed for his first telescope the lihend 
consideration of 9OO florins, or ahout 751 sterling. The 
whole affair^ and especially the readiness with which 
Lippershey furnished the states-general with the hin- 
oculos is^ as Dr. Moll justly remarks^ not only a proof of 
considerable ingenuity, but must tend to do away en- 
tirely with the notion that he was a low ignorant me- 
chanic, guided by mere chance. 

There has been a third claimant for the honour of 
the invention, also a spectacle maker of Middleburg: 
this is Zacharias Tansz, who has perhaps even more 
generally than Lippershey been considered as the ori- 
ginal inventor. The information concerning this man 
is wholly derived from a book on the invention of tele* 
scopes, written by William Borel, who appears to have 
been very anxious about the matter; and being himself 
a native of Middleburg, he had all the persons then 
living, who professed to know any thing on the subject, 
examined before the magistrates in l655. Their depo- 
sitions are given in Borel's book ; but the originals of 
these depositions have not been found in the records of 
the town of Middleburg, although a very diligent search 
was made for them. In these documents the places and 
houses in which both Lippershey and Zacharias Tansa 
lived are frequently mentioned. These houses have 
since been taken down, and an open space now occupies 
the place where the telescope was invented. 

Borel's account is in substance as follows: — " In 1591 > 
the year in which he was born, a spectacle maker lived 
near his father's house at Middleburg ; this man's name 
was Hans, and he had a son Zacharias, whom Borel 
knew intimately, they having been playfellows. This 
Hans, L e, John, with his son Zacharias, as Borel often 
heard, invented the first microscope, which was pre- 
sented to prince Maurice, and they afterwards obtained 
some reward. A similar microscope was afterwards 
offered by them to the archduke Albert of Austria. 
When Borel was ambassador in England, in 1619^ he 
saw that identical microscope in the possemon oi Cox- 
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neliuB Drebbel, of Alkmar, a mfin of much knowledge, 
and mathemstician to King James. This microscope of 
Zschariss van not," continues Bore), "as they are mide 
at present, with a short tube, but it was about eiglitcen 
inches long, and two inches in diameter, with a lube of 
gilt copper resting on two sculptured dolphins; under 
it was s disc or stage of ebony, aa which the objects to 
be examined were placed. But long after, in 161O,* 
adds our authority, " by dint of research, this HaDf 
and Zacharias invented in Middleburg the long sidend 
telescopes, with which we gaze at the moon, the planets, 
stare, and heavenly bodies, of which a specimen WM 
given to prince Maurice, who kept it Eecret, judging 
that it might be uset\U in expeditions. However, aa thh 
admirable invention was rumoured abont, and as cuiiont 
men were talking about it in Holland and elsewhere, a 
stranger came from Holland to Middleburg to enqmre 
into this matter, and asking for a spectacle maker, he 
was shown, by mislake, into the shop of John Laprey. 
He spoke with him about the secret of the telescope] 
Laprey, being an ingenious man, and a close observer, 
heard attentively what the stranger said, and thus, with 
laudable industry and care, became the second inventor 
of the long telescope, which he made to the satisfaction 
of the stranger." 

Nearly contemporaneous with the date of the sbdve 
invcnlioiis was the era of the constraction of a telescope 
by Galileo, and with which that celebrated astronomer 
discovered the satellites of Jupiter. His own account 
of the matter is contained in a letter dated March, ifilO, 
in which he sajs, " It is about ten months ago dial it 
came to our ears, that a glass (tin occhiale, pergpieiUum} 
had been worked by 3 Belgian, by the help of whkh 
visible objects, though at a great dialance front the e^ 
of the observer, may be seen distinctly : and some ex- 
periments were related of the admirable effects of tHs 
instrument, which some believed, and others not. A 
few days afterwards the same was confirmed by letters 
" a noble Frenchman, Jacob de Badorere, from Psiiij 
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all which occasioned me to apply myself wholly to en- 
quire into the cause of this^ and to think on the means 
hy which the invention of a similar instrument might 
be brought about; in which I succeeded in a short time^ 
assisted by the doctrine of refraction ; and I first pro*- 
cnied a leaden tube^ at the end of which I adapted 
qiectacle glasses (^vitrea perspiciUa), both plane on one 
side^ the one convex on the other side^ the second con- 
cave. Bringing the eyes near the concave glass, I saw 
the objects large^ and near enough ; they appeared three 
times nearer, and nine times larger, than if seen with 
the naked eye. Afterwards^ I made another instrument, 
which made objects appear sixty times larger. Finally, 
sparing neither industry nor expense, I succeeded so 
far as to make an instrument of such excellence as to 
make the objects seen through it appear a thousand 
times larger, and more than thirty times nearer, than if 
seen with die natural power of the eye.'' ^Vliatever 
Galileo may have meant by these terms, it must not be 
supposed that his telescope had really what opticians 
caU a power of 1000 times, though some persons appear 
to have fallen into this mistake. In a Galilean tele- 
scope^ the focal length of the object glass cannot go 
beyond a certain extent, without narrowing the field too 
much. The eye glass cannot be made very deep with- 
out making it too thin in the centre. Even at present, 
it would, perhaps, be difiicult to make Galilean telescopes 
of greater power than 32, which is indeed that which 
Galileo himself obtained. 

During the century which followed the invention of 
telescopes, a proper share of the attention of the philo- 
sophic world was directed to the improvement of the 
instrument. It is, however, little more than within 
about fifty years since, that the progress of scientific 
investigation, together with the cheapness of brass, as 
well as economical and improved methods of fabrication, 
laid the foundation in this country of an extensive trade 
in telescopes and microscopes of all descriptions, along 
with a vast variety of apparatus for philosophical pur- 
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poses, in whicb brasa is the principal mftterial. 
while the more opulent palrons of the Bci 
their taste by the purchase of unique in strain en t> ri 
price from the first makers, the curiosity, and il 
the convenience, of (he public in general, crested $ 
Biderftble demand, to meet which, ingenious won. 
■were set to produce, according to established dat^ 
atrumenta, the theory of which the niftntifacturer « 
times little understood, and still seldom er extended 
beyond the articles go successfully copied, in vast quan- 
tities for the metropolitan houses, and presently, for 
more direct sale on their own accounts. Not only in 
London, but in Birmingham, and particularly In Sheffield 
the business of the optician has been carried on with 
success; at the ktter place there existed, fifty yean 
since, the largest optical manufactory in the world; M 
esleasive, indeed, were the operations, that the powa 
of the steam-engine was applied lo the grinding of 
glasses, a process which, as there conducted, is one of 
the most interesting Uiat a stranger can witness. There 
are, at present, some extensive works of this deacriptioti 
in the laal-named town ; and there, as well as in other 
places, instruments, at the sight of which some of the 
old scientific investigators of this and other conntriea 
would have felt no little surprise, are daily produced in 
a beautiful style at exceedingly low prices. The coni' 
binatioo of neatness, efficiency, and cheapness has led to 
the almost universal possession of some one or more 
articles of this class. 

The simplest form of an optical instrument is the 
single microscope, consisting, as the name imports, of 
one lens only, in contradistinction to the compound in- 
GtrumenC, in which there are more glasses. If, howevert 
the lens be large, Uhe that used by the watchmaker, it 
is genctaTy, including the rim, whether of wood, horn, 
or metal, simply called a magnifier, or Bometimes, ac- 
cording to the purpose intended, a quizzing glass. The 
description of lens last alluded to, whether concave or 
convex, whether made of crystal or some artificial 



1 cDRipoBition, is commonlf identical with ihme 
nciuntal SB EpecMcUs, — tlie Utter ondoubteiU; the 
t, not to sAy the moBt nseful, application of 
the optician's art. An exceedingly iiBeruI variety of 
the single microscope, and of nhich thoneands are Bold 
in a year, is that designated, from its application, a 
"doth prover." The uscfulneu of this instrument, in 
raabling a person exactly to count in a given area the 
T of Uireada forming the warp and weft of almrat 
rt of noven fabric, and thus to estimale its com- 
parative fineness, mtut be very obvious ; and, accord- 
ingly, woollen and linen provers are exienBively nianu- 
ftctured. 

Fig, 6i. represents a small jointed microscope, of a 
neat construction, and which, ae it admits of biding folded 
together and placed in a morocco case about the sixe of 
Fig. C4. one's finger, is very convenient 

~ for ladies. A is the frame, 
i having a longitudinal perfora- 
, in which slides a amail 
j screwed button B, intended to 
nearer to or fattlier from 
the eye ; the nippers C detain- 
ing the insect or other object 
under inspection. This last- 
named contrivance is common 
to several other microscopes, 
and consists of two bits of watch 
spring, each about ^ths of an 
inch in length, and ao soldered 
into the brass head of a neeiUe 
as to form a pair of tweezers, 
opening by the pressure of two 
(mall studs : instead of the nippers, the needle may be 
nwd for impaling any minute ohject. D is the eye-bit, 
with two screwed cella, one shown as detached, contain* 
ing lenses, E is a neat handle of ivory fitted into a 
bnies socket, which, as well as the stem of the eye-bit, 
la pinned into the frame at the thicker cud, and upuii 
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which, when the needle and nippers are removed, ibtf 
shut closely down. There are several vnrieries of lias 
instrumenl, differing chiefly in size, and perhaps a little 
I'tl iheir Kulwrdinate parts. 

The annexed engraving represents a verv el^ant and 
powerful little instrument of the compound class, com- 
monly known as the pocket microscope. It stands aboni 
four inches high, and, vhtn 
not in use, may be en- 
closed in the boK vhich 
serves it for a pedesiaL A 
ifig.65.) is a fine smoolli 
rack, upon which tlidet 1 
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with its head B. TUs bn 
carries (he double-plated 
table C, between the wo 
parts of which is passed the 
ivory slider D, containing 
the objects for examinitioi' 
placed between very thin 1*- 
mince of talc fitted into the little cells of the slider, Bi> 
a small brass box, glazed so as to enclose any small living 
insect : when it is removed, the cavity of the npptf 
plate is adapted to receive a concave glass, with a drop 
of vinegar, or other fluid, lo show the presence of «ni« 
mnlculit. This microscope has cither a compound eye* 
piece, or three difltrent magnifying powers, which (Mf 
be used together or separately ; the cells containing ibe 
lenses are screwed into a small brass limb at F. At 
the lower end of the rack is a mirror G, which, bdng 
placed at the proper angle for reflection, strongly illUH 
minarcs the object under esamination. It will be oIk 
vious that the rack and pinion contrivance is for IIk 
purpnse of adjusting, to the greatest nicely, the diiiance 
between (he lens and the object, so as to suit the eye, 
and also to adapt the instrument to the focus of the 
magnifiers, either when used separately or together, w 
represented in the cut. The instrument is funushed 
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needle and nippers, a small knife^ a mounted 
!, and a pair of tweezers, similar to those described 
nection with the next article, for the conveniency 
iecting any object which it may be desirable so to 
There are other and larger microscopes, which 
^ated by means of rack and pinion work, which, 
d alone, is perhaps, on the whole, one of the best 
irances for adjusting the magnifiers to the eye and 
object. In some cases, however, these objects are 
ed with greater precision by means of a screw ; 
?quently the adjustment is made to depend merely 
the sliding by hand of the moTeable part of the 
nent. 

elegant and powerful instrument^ called the pyra- 
or Culpepper's microscope, was at one time in 
erable demand : it stands from twelve to fifteen 
high ; has four magnifiers, which vary the power 
instrument ; and the whole is fitted into a neat 
any box. Fig. Q6. shows this microscope, as set 
' use : A is the slide head, turned concave for the 
on of the eye ; B the eye tube, containing two 
'ul lenses ; C the slide tube, by which the instru- 
s adjusted ; it moves smoothly in a spring through 
dy D, having in some cases a rack and pinion 
lent at K, which is a great improvement upon the 
trument, the tube of which, not always being re- 
1 by a rack or vertical screw, cannot be raised or 
i with so much steadiness and certainty, as when 
of these conveniences is attached. E is a circular 
:able, supported by three crooked pillars^ which 
ewed upon the box F, and attached at top to the 
' the conical body D. In the middle of this plate, 
$ an apparatus for the reception of ivory sliders, 
-s those above described, a number of which, 
\ with appropriate objects, always accompany the 
;ope. G is a mirror, adapted to reflect light upon 
nsparent object imder examination ; and H is an 
lator, auxiliary to the same design : J is a con. 
e called the frog-plate ; its purpose being to detaia 
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that animal by means of h sill: bag, which can be attached 
to the plate, nhile the circulatiiin, pulsation, and Mbs 
phenomena ate -witneBseil, by fixing one of the Umbi 
across the crescent-sliapcd perforation in the end of tfx 
plate, which is itself attached to the table of the niicn^ 
scope by the insertion of the stud : L is a small iaaft, 
M a needle, and N a pair of tweezers for dissecting li*' 
jecta ; O the needle and nippers. The mahoguiy hoi 
F, besides being tile receptacle of the knife, tweMCi^ 
slides, frog-plate, &c., contains the magnifiers, nuifcedi 
according to their respective poirers, 1, 2, 3, 4. 

The ligure following, of an el^ant njcnwcopi ta 
jewel lensesj is from Mr, Pritchard's " MicroKopu 
Cabinet." This writer, after notidng the most twal 
s for adjusting the distances of the mignifien 




fiom the otgect, says, "The advantage of ihe rack and 
pinion adjustmenl is the speed by which the object or 
tD^;iiifier can trarerEe a long space, — a property that is 
bighl^ useful when the magnifying power of tlie micro- 
tsepe 18 required to be auginented or decreased ; anil 
accurately made, with a largo milled head, is very 
tSeetne for general purposes. This method has, how- 
LOBtly yielded to the screw adjuttraent, when high 
prwera are used, on account of the delicate and accurate 
required for them. Again, while the latter is 
pnieTTed for such purposes, it is too tedious in its ope- 
for low powersj where speed is neceasary, 
, hoth these methods have occasionally been com- 
Uned, and thus the desired object has been effected ; 
teti nnforlunatcly, this has added much to the com- 
pkxily and expense of the instrument. Independent of 
die defect alluded to in each of theae methods, there is 
inolher, seldom overcome, except by very accurate worn- 
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inEtTiBhip, and even then a little wear soon exl 
it is ttfchmcally lermeJ the drop or back lath, ai 
when the motion is changed ; the head of the si 
pinion turns round a certain portion before its o\ 
commences. Hence, when a very minute 
wanted, it cannot be effected with precision. 

" In the plan here adopted tlieae defects a 
obviated, while the advantsgea of each of the a 
•boTE referred to are preserved. It cons: 
ing a fine screw, kept up in its bearing bj mean 
Bteel spiral spring, for the delicate adjustment, i ' 
"whole, being connected with a lube sliding w' 
stem of the microscope, allows of a coarse adjui 
the friction between the tubes exceeds that of It 
guiar bar, and holds them stationary, while the fl 
juatment is effected by the screw ; so that either ol 
Bdjustmenis may be made without the a 
pinching screw, or throwing it In or oat of gear, t 
appear from the drawing and following d 
Fig. 67. shows the microscope set up for vie 
parent bodies by reflected light in an inclined p 
but any other position or mode of illumination n 
used in observing them. When the inst 
in its case, the legs A of the tripod stand are n 
and being brought close to the pillar B, the stei 
microscope C is placed parallel to the latter, a 
occupies very little space. In setting it up ft 
stem C being first raised, the legs are rem 
screwed tight on the pillar, as shown in the figt 
the tubular stem C slide the sockets L E, the fc 
which carries the reflector, as shown at D ; t 
carries the condenser, which in the figure it 
consists, however, of a single lens, mounted e 
the same manner as the mirror D. Each ( 
sockets can be turned about in any direction, t 
and down the stent, without a tightening scret 
Euthcient spring and friction on it to remai 
in any position without clamping. The n 
connected wiih tiie aiami\»^\kB 0;\^¥-.\<.c 
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about in any poidtion^ and is fixed by its pinching screw, 
which should be securely tightened before the microscope 
is used. Within the stem C slides a tube H^ connected 
by a tube passing through it to the triangular tube and 
arm I. By sliding the tube H up or down, the mag- 
nifier M in the arm I is adjusted to objects situated at 
N, while the milled head K revolves, and affords a deli- 
cate and final adjustment. The stage containing the 
slide holder N^ fits into the triangular box at the termi- 
nation of the stem, by means of two pins, and can be 
removed altogether. The instrument may be converted 
into a compound microscope^ by the addition of an eye 
tube containing two more lenses, and screwed into the 
magnifier, as represented by the dotted lines at J. 

The simplest forms of the telescope, are those known 
to the trade as '^ perspective glasses," and of which im- 
mense quantities are manufactured by country opticians 
at a cheap rate ; their magnifying power is from 3 to 6, 
80 that they are of little value^ though they serve as 
pleasing toys for young people. These ^' prospects " are 
fitted with a small concave glass next the eye^ and a 
convex one at the contrary end, precisely according to 
the construction of Galileo's telescope, the only difference 
between these instruments and the common opera .glass 
beings that the latter has usually a much wider field of 
▼iew, and is also got up in a more expensive style. 
Twenty years ago, the demand for all sorts of opera 
glasses constituted no inconsiderable proportion of the 
business of the optician. Besides the great quantities, 
of which the draw tubes, mountings, and various con- 
necting parts were composed entirely of brass, many 
were made of plated and gilt metal, of silver, and some 
of a still more precious material. The bodies or out- 
sides were of equally diversified composition, as varnished 
woodj tortoise-shell, papier-mach^, but, perhaps, most 
commonly of ivory, or japanned metal ; the last-named 
style admitting of many elegant decorations by gilding 
or otherwise. 

Of the annexed qits, fig, 6S. represenlB the \x^ o^^, 
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vhich hea nolonly an elegant appear* 
ancc, but, od account of its Eliapp admilg 
of a wide object glass Fig bQ is a 
many draw opera : the ahortnees of the 
several lubes allows ihiB inBhumenl to 
shut up into a small space f,„ ,^f, 
they are sometimes made 
nith as many as ten drawe, 
a great ohject with the 
manufacturer being, f 
the springs shall work 
smoothly, and at the ss 
time tit the tubes so nicely, 
that the instrument shall - 
notreailijybend when fully j) 

There is an exlenEive variety of telescopes 1 
tured, containing from four to aix glasses, an 
as to price and magnifying power, hold a sort 1 
place between those above described and the b 
feet achromatic instrumenta. They are got up of vi 
lengths and diaraelers, and some of then 
means despicable for ordinary purpoees : indeed^ | 
about the middle of the last century, they belongs' 
the ilrst class of telescopes. About the year I7fi7^ 
Dollond, an eminent optician in London iuTeatei 
achromatic lens by which thecolouied fringes ei 
ing oliijecte viewed in ordinary telescopes wi 

Achromatic telescopes are made of vaii< 
commonly, however, from 14 inches to 4 o 
of a proportionate diameter : they have one, two, t 
or more tubes, according to the taste of the i 
turer or purchaser. The smaDest of thes 
villi, if a good one, show the satellites of Jupiter, 
annexed cut {Jig. 70.) represents one of these ldwcop»%"^ 
showing, at the same time, the interior paiti delscfaedl . 
tile description applies equally to the aeveral part* of etch I 
of the instruments above named, the chief diffeKnee 
The telescope lepresented in the cut 
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COnrisM of three drans, it 28 inches 
long, when ilie lubcE are drawn out : it 
is TSty poruble, and iula|)ied to the 
pocket, being about 9 inches in length 
when shut. The head A ia screwed 
opon ihe near end of Ihe firat tube B ; 
ihe sight'hole in Its face is nicely adapted 
to the eje : in some of the larger tele- 
Bcopes the head is hollowed out in front, 
(o admit the eye still more closely, m it 
is desirable that no light should be ad- 
mitted by this aperture. Wlien the in- 
ununentisnotinuse, (his hole is closed, 
either bjt a straight slide, or by a slightly 
different cover, callecl, from its form, a 
kidney.bit ; tile former contrivance, how- 
ever, is by much the more common. Im- 
mediately within the eye-tube is pushed 
the short pipe C, having at each end a 
cell for a glass, and between them a slop 
or diaphram to regulate the admission of 
light : St the opposite end of the eye- 
tube is screwed another short pipe D, 
having, like the former, a cell to hold a 
lens at each end, and a stop, with a very 
email hole, between them. Each of the 
three draws is made to slide amoothly 
through what is called a spring, E, con- 
sisting of a short bit of tube, slit at 
opposite sides and soldered into a ring 
which screws into the near end of each 
draw tube, and into the front mounting 
at F, Upon the end of each draw is 
soldered a small ring called a check, 
and which, by coming into contact with 
the spring, when the telescope is fully 
extended, prevents the tubes from ac- 
tually coming out of each other. G is 
the body-tube, generally made of maho- 
gany or sycamore wood varnished, but 



« of melal. It is fitted with two bran 
ings F H ; into the former of whioh, as befon 
is screwed the large Bpring. and into tlie other tl 
containing the compound object glass. Tbis 
closed nrith a cap K, when the iDGirument is noi 
In some cases, this cap is fitted with a slid<^ o 
ecdcd by a slide head. 

In each of the above-mentioned description 
scopes, the focal adjustment is not only depend< 
gether upon the uncertain method of puehing 
pulling out the eye-tube with the hand, until th 
distance of the glass is ascertained by the grei 
tinctnesa of the object viewed ; but that beir 
tile telescope itself must be held in the hand, i 
can be steadied by resting it upon some conveni 
valion which may happen to be near, or by p] 
upon some such rest altogether. To produce 
quiaite degree of precision in the former part 
rack and pinion motion has been applied to the e; 
while the latter inconvenience has been remedie 
aCtachment to the instrument of a suitable stan 
any of the telescopes above described, a sland si 
that attached to the microscope shown in Jig, 67 
convenient, the clip F being placed upon that 
part of the itistmnient nearest the centre of gra' 

Fig. 71. represents a four-feet achromatic t 
mounted on a saddle stand. The optical com 
of thia instrument does not particularly differ fit 
already described, except that the ordinary 1 
screws off at A, where may then be affixed one ( 
ably shorter, H, or the small astronomical eye- 
containing a combination of lenses more par 
adapted for celestial obBervationB, and by wl 
magnifying power is raised from 55 to 330 til 
outer end is screwed to receive the head K. which 
a flat glass of a deep yellow colour, for looking at 
Upon that |>art of the tube C which is within tl 
is affixed a finely toothed rack, which is w 
pinion through the knob D, and by meana a 
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focal relations of the glasses may be very easily and ac- 
curately adjusted. £ i an arrangement of tubes sliding 
into one another, and "which, by means of rack and pinion 
work^ fierves to r^ulate the bearing of the telescope 
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towanU any object with great eteadlness and accuracy: 
this vertical motion is allowed by the joint at F, while 
an exact and smooth horizontal movement of the whole 
inatrument is afTorded, in consequence of the nice fitting 
of a piece at the bottom of the pillar, which passes 
through the pediment of the stand at G. 

The making of these instruments involves no operation 
which is not generally described in the previous chapter 
on brass tubes and turning, unless it be the pinion work ; 
and the management of this is not difficult to sa inge- 
nious workman. 

In the rejecting telescope, metallic specula are used 
JDEtead of the object glass : these inatritments, as they 
difier somewhat in their construction, are generally dia- 
tingtiished by the names of those who first suggested or 
applied their respective principles, Newtonian, Grego- 
rian, and Cassegrainian. According to Dr. Brewster, 
Mr. James Gregory was the first person who described 
this instrument, though it does not appear that he ever 
actually constructed one ; the honour of having done thii 
with his own bands belongs to the illustrious Newton. 
In Newton's telescope, the magnifying power is applied 
to the image of an object reflected from a concave mirror, 
upon a plane one inclined thereto, at a certain angle, 
within the body. The reflector of Gregory contains two 
spherical specula, a greater and a amaller, whose axea are 
coincident, and the concave surfaces of which are turned 
toward each other. The annexed diagram {fig< 7S.) 
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exhibits a section of a Greeorian telescope [ and the fol. 
lowing cut (fig. 73.) is taken from an instrument of the 




Ujoie conBtraction, of the price of about ten piineaB, and 
adapted to the psrbur table : the letters of refereii<:e are 
same in both figures. A is the body, or large lube, 
about 15 inches in length, and 3^ inches wide: BB the 
large speculum, perforated in the middle, ita concave 
poliibed mirfikce tovani the open end of the instrumeni, 
■ad its back to the eye-tube F ; C a Btnall concave ipe- 
Ctdnm, which can be moved nearer to or farther from 
the lai^ one, by means of the screwed wire D, the arm 
of the imall mirror being for this purpose fitted loaalider 
in the groave E. An eye-piece F, uonsislinn of two 
convex lenses, placed at a distance equal to half ihc sum 
of their focal leneths, is screwed into the near end of the 
Urge tnbe, immediately behind the great speculum. The 
telneope is left completely open at the end G, and the 
ige of a distant abject entering in tlie direction of the 
dotted lines at H 1, is first received upon the large ape- 
enlum, and thence reflected upon the small one, where 
it U beheld through the eye-tube, the eye of the ob- 
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server bdng placed at K, These inatnimenlK are vBtt- 
ously mourned, according to their siite, and the degree 
of accuracy aimed at by tlie maker : in the one aboie 
represented, L M are two braB* pillare, between which 
the large tube is poised upon side pivots, the degree of 
inclinafdn being regulated by means of a pinion ading 
on the sector-rack N. The whole has a horizontal motion, 
depending upon the arrangement of the two plates com- 
posing the circular pieee O. 

Coesegrain's telescope is very similar to the Gregonao. 
except that the smaller reflector is convex. The otijecl 
of this alteration is, that the aberration of the lateral 
rays produced by the first reflection, may be, in some 
measure, correeted; whereas, in the Gregorian, theater- 
rations produced by the two reflectors being in the samft 
direction, the second reflection increases the fault of the 
first. In each of tliese telescopes, as will be perceived 
from the description, the optical efiect la made to depend 
upon the form and adjustment of polished metallic diae^ 
while the eye- tube is directed to the image of the object. 

In the conatruEtion of reflecting telescopes, the utmost 
degree of nicety is required in the composition, ctu-valure, 
and polishing of specula, and various formuls have It 
different times been puhlialied with reference to these 
points. The following ingredients, originally announced 
in the Nautical Almanac for 1787, are said by recent 
authorities to form a compound, possesGing iu a hi^ 
degree the requisite qualities of hardness, whiteness, and 
consequent highly reflective pro]«rty ; viz. copper 38 
parts ; tin 1,5 ; brass 1 ; silver 1 ; arsenic 1. In addi- 
tion to great specific gravity and whiteness, as being es- 
sen^al to the reflecting power of a spectilum, must be 
considered the nature and perfection of the curvature 
communicated. Instead of working and pohshing 
mirrors for telescopic purposes, so as to present exactly 
spherical surfaces, it has been proposed to adopt curvet 
generated by the revolution of the ellipse, parabola, n 
hyperbola, in order to lessen the aberration or correct 
the unequal rcfrangibility of the rays of light. The ad- 
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Vintages or otherwise of these curves is a question, the 
dueassion of which does not come at all within the pro^ 
vmoe of the ordinary manufacturer : it may he sufficient 
here to mention^ that whatever may he the theoretical 
or even practical advantages contended for, the difficulty 
of accurately grinding surfaces depending upon such a 
nice deviation from the spherical is very great indeed. 
For an account of the modus operandi pertaining to the 
casting, grinding; and polishing of metallic specula, the 
leader will find an interesting article, hy Mr. Potter, in 
Brewster's '* Edinburgh Journal of Science," January 
1831; he may also refo* to the original paper of Dr. 
Mudge, published in the Philosophical Transactions for 
.1777> or Mr. Edwards's Essay, republished in the Nau- 
tical Almanac for 1787 ; but, above all, Mr. Potter advises 
the amateur that he should peruse Sir Isaac Newton's 
account, given in his Optics, of the method he followed 
in the first reflecting telescopes : he will there find the 
process of polishing described, almost the same as prac- 
tised at present, in a manner equally concise, instructive, 
and complete. 

The most celebrated name, as a maker of reflecting 
telescopes^ was Short, whose prices run from 14 to 
800 guineas, the instruments being from 1 to 12 feet 
focal length. The fine Gregorians executed by this 
individual were so superior, that the Newtonian form 
of the instrument fell into disuse. It was revived, 
however, says sir David Brewster, who has himself 
proposed some improvements, by the late sir William 
Herschel, whose labours form the most brilliant epoch 
in astronomical science. With an ardour never before 
exhibited, he constructed no fewer than 200 seven feet 
Newtonian reflectors 150 ten feet, and 80 twenty feet 
in focal length. But his zeal did not stop here. 
Under the munificent patronage of George III., he 
b^an, in 1785* to construct a telescope 40 feet long ; 
and on the 27th of August, 1789, the day on which it 
was completed, he discovered with it the sixth satellite 
. of Saturn. The great speculum had a diameter of 49^ 



jnclieB, but its concave Eurf&ce was only 48 inches. Ill 
thickiifsa is about 3^ inches, and its weight, when al^ 
was 2118 Iba. Its focal length is 40 feet, md Ah 
sheet iron tube which contained it was 3Q feet 6 indies 
and its width 4 feet 10 inches. Herache! was enaUed 
to apply a power of 6450 to the fixed stars ; but i n 
much lower power was in general used. In this tt 
scope, the observer sat at the month of the tube, ud 
observed with his back to the object, without uwngi 
plane speculum, the eye-lens being applied, directly V 
magnify the image formed by the great speculum. B 
order to prevent die head, &c. from obstructing tn 
much of the incident light, the image was formed out 
of the axis of the speculum. As the frame of this i 
Gtniment was exposed to the weather, it became gtnAj 
decayed, was talcen down, and another telescope of SO 
feet focus, with a speculum 18 inches in diameter, 
erected in its place, in 1822, by the present f' 
Herschel. 

The recent improvements in reflecting telescopes bf 
Lord RoEEC and others, demand some further notice. 

Lord Rosfe thus describes the processes he ho 
adopted in the construction of his gigantic reflectors: — 

" It appeared to me, therefore, to be an object IQ 
important to obtain a reflecting surface which wonW 
reflect the greatest quantity of light, and retain that 
property little diminished for a length of time, that 
numerous experiments were undertaken and persever- 
ingly carried on. After a number of failures, the diffl> 
culties appeared so great that I constructed three spe- 
cula, where the basis of the mirror was an alloy of lint 
and copper in the proportion of 1 zinc to 9'74 copper, 
which expands with changes of temperature in thestme 
proportion as speculum metal. This was subsequently 
plated with speculum metal, in pieces of such aire M 
we were enabled to cast sound. These specula were 
very light and stifl", and their performance upon the 
whole satisfactory ; but they were affected by diffractioti 
at the joinings of the plates ; and although very htil- 
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tiiDI ami durable, defining all objeMs well undtT high 
IHWCTB, except Tery lai^ aiars, ^till, as Ihe efFect of 
tUgnclion KM then perwplible, thef could not be con- 
tidartd hb perfect in strum en ts. 

" la the course of tbe experimenis carried on while 
lone three specula were in progre«B, it w»b ascertained 
tliu the difficult; of casting Urge diica of brilliBiiI >pe- 
Qilmn metal arose from tlic unequal contraction of the 
Bilcrial, which in the lirtt initance produced imper- 
' ins in the castings, and often lubeequently their 
deatmction ; and it appeared evident that if the 
mass could be cooled throughout with perfect re- 
gnlsrity, so that at each instant every portion should 
be of ilie same temperature, there wnulrl be no unequal 
cmiraction in the progress towards solidification, nor 
•ntBequentif in the transition from a red heat to the 
temperature of the atmosphere. Although it was ob- 
Tious that the process could not be managed so that the 
condition required ahoulcl be fulfilled, still, by 
ibitncting heat uniformly from one mrface (the lower 
l), the temperature of the mass would be kept uni- 
bnu in one direction, that ti, horizoniallf ; while in the 
tlirectioa it would vary uniformly with the 
from the cooling surface. These conditions 
itiifled, we should likewise have a mass which 
nnid be &ee from flaws, and when cool woulit be free 
KMi tenrible strun. Nothing could be easier than to 
eoomplbh this approximately In practice; it would be 
tij necessary to make one surface of the moulil (thu 
tr one) of iron, of a good conducting material, while 
remainder was of dry sand. On trial this plan wat 
■rfectly success fuL There was, however, a new, 
HH^h not a very serious defect, which was iftime' 
iatdy apparent: the speculum metal was cooled so 
ipidly, that air bubbles remained entangled between 
l«Dd the iron surface; but the remedy immediately 
I itself, by making the iron surface porous, 
suffer ihe air to escape. In fact, by forming 
t of plates of iron placed vertically side by side, 
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the defect wis altogether removed. It only then »■ 
mained to secure the speculum from cooling uaeqnallj, 
snd for that purpose it was sufficient to place it in w 
oven raised to a very low red heat, and there to leave il 
till cold, from one to three or four weeks, or perhipB \ 
longer, according to its size. ' 

" The alloy which I consider the best differs hutUule ' 
from that employed hy Mr. Edwards ; I omit the brw 
and arsenic, employing merely tin and copper in the 
atomic proportions, namely, one atom of tin 10 (nr 
atoms of copper, or by weight, 58'9 to 126'4. As i« 
was obriously impossible lo cast large specula in etltlm 
crucibles, the reverberstory furnace was tried ; but the 
till oxidised so rapidly that the proportions in the aUuy 
were uncertain ; and, after some abortive triab witb 
cast iron ctucibles, it wae found that when the cradUe 
is cast with the mouth up, it is free from the minute 
porea through which the speculum metal would other- 
wise exude ; and therefore such crucibles fully BO* 
ewered the purpose. 

" It was very obvious that the published processes far 
grinding and polishing specula, being in a great meiaure 
dependent on manual dexterity, were uncertain ud 
not well suited to large specula. Accordingly, at m 
early period of these experiments, in 1827, a iDaehine 
was contrived for the purpose, which has subsequent^ 
been improved, and by means of it a close approxiiiw- 
tian to the parabolic figure can be obtained with es- 
tainty. As it has been described in tlie Philosophio] 
Transactions for 1840, it is unnecessary to do mon 
than to point out the principle on which it acts: ibe 
speculum is made to revolve very slowly, while tbt 
polishing tool is drawn backwards and forwards by on( 
excentric or crank, and from side to side slowly b] 
another. The polishing tool is connected with the ex- 
centrics by a ring which fits it loosely, so as to permil 
it to revolve, deriving its rotatory motion from the ■pC' 
culum, but revolving much more sbwiy. It ia conn' 
lerpoised, so tliat il may be made sufficiently stiff, uk 
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y« press lightly on the speculum, the pressure being 
about one pound for every circular superticial foot. 
. The motions of this machine are relatively so adjusted, 
Hm the focal length of the speculum during [he polish- 
ing process, or towards the latter end of it, shall be 
gradually becoming tlightly longer ; and the Agure will 
.depend in a great measure upon the rapidity with which 
lliu increase in the focal length takes place. It will be 
evident that a surface spherical originally will cease to 
be Ml if, while subjected to the action of the polisher, it 
it in a continual state of transition from a shorter to a 
longer focus; in fact, during no instant of time will it 
be Mtually spherical, but some curve differizig a little 
from the sphere, and which may be made to approach 
du parabola, provided it be possible in practice to give 
iCflbct to certain conditions. 

" An immense number of experimcnta, where the 
mnlts were carefully registered, eventually established 
10 empirical formula, which affords at present ''ety 
good practical results, and may hereafter perlmps be 
considerably improved. In fact, when the stroke of the 
first excentric is one-third the diameter of the speculami 
snd that of the second excentric is such as to prodiu* 
t lateral motion of the bar which moves the polisher, 
IiKBStired on the edge of the tank, equal to 0-27, the 
diameter of the speculum (or referred to the centre of 
itbe polisher to 0'17), the fignre will be nearly para- 
bdie. The velocity and direction of the motiona which 
produce the necessary friction being adjusted in due 
proportion by the arrangements of the machine, and the 
ttmperatiire of the speculum being kept uniform by the 
.water in which it is immersed, there remain still other 
conditions which are essential to the production of the 
nqnired result. The process of polishing differs very 
CBientially from that of grinding. In the latter, Urn 
powder employed runs loose between two hard surfaces, 
snd may produce scratches possibly equal in depth to 
; of the particles ; in the polishing process the 
very different; there the partieleaof the powder 
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lodge in the comparadvely soft material of which 
surface of the pobshing lool ii formed ; and a 
tiooa projecting may bear ■ very Btnall proportion tt 
size of the particles themEelTes, tlie icratcheg neceis 
will be diminished in the same proportion. The 
tides are forceil thus to imbed lhemBeiie«, iti cc 
quence of the extreme accuracy of contact between 
surface of the polisher and the speculum. But u 
as this accnrate contact censes, the polishing proces 
comet hut flne grinding. It is ahsoluiely neeet 
therefore, to secure Ihia accuracy of contact during 
whole process. If the surface of a polisher of 
siderable dimensions is covered with ■ thin coat of ] 
of suiEcient hardness to polish a tme surface, hov 
accurately it may fit the speculum, it will very 
cease to do so, and the operation will fail. The » 
is this : that particles of the polishing powder 
abraded matter will collect in one place more 
another, and, as the pitch is not clastic, close co 
throughout the surfaces will cease. 

" By employing s coat of pitch, thicker in propo 
as the diameter of the Epeculum is greater, there wi 
I for lateral expansion ; and the prominence 
therefore subside and accurate contact still conti 
however, accuracy of figure in thus to a coiuide 
extent sacrificed. By thoroughly grooving a suib 
pitch, provision may be made for lateral expai 
contiguous to the spot where the undue Collectio 
polishing powder may have taken plsc^. But in pn 
such grooves are inconvenient, being constantly liafa 
fill up. This evil is entirely obviated by groovinf 
polisher itself; and the smaller the portions of 
s surface, the thinner may be the stramm of p 

"There is another condition which is also impor 
that the pitchy surface should be so hard as not to ; 
nnd abrade the softer portions of the metal faster 
the harder ; when the pitchy surface is unduly 
this defect is carried so far that even the smiolUl 
the metal is made apparent. While, there/ore, 
Msential that the surface In contact with the speci 
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ihould be as hard aa possible conBieCent with its re 
kg ibe polishing powder, it la necessary that there 
^ould be a yichliog where necessary, or contact would 
IDt be preserved. Both conditions can be satisfieil by 
fonning the surface of two layers of 
different degrees of barilnesa ; the first may be of 
CDDlDon pitch sdjusted to ihe proper consistence, by 
■he addition of spirits of turpentine or rosin ; anil the 
other I prefer making of rosin, spirits of turpentine, «mi 
wheat flour, as hard as possible consistent with its 
holding the polishing ponder. The thickness of each 
iayer need not be more than -J(,th of an inch, provided 
10 portion of continuous surface exceeds half an inch in 
diameter ; the hard resinous compound, after it has 
been thoroughly fused, can be reduced to (wwder, am) 
Oma easily applied to the polisher, and incorporated 
with the subjacent layer by instantaneous eiposnre to 
flame. A speculum of three feet diameter thus po- 
d bat resolved seveial of the nebulce, and in a con- 
■iderable proportion of the others has shown nen stars, 
or some other new feature ; end by the same processes, 
ft speculum of six feet diameter has just been completed." 
Mr, William Lassell of Starfield, near Liverpool, lias 
devised a very ingenious machine for polishing specula, 
which was constructed, and many of the mechanical 
tletails were designed, by Mr. Nasmyth of Patricroft, 
r Manchester. 

rhe essential difference between this machine and 
Aat contrived by Lord RoEse, !s that in the former the 
polisher has a continuous epitrochoidal motion, which 
imitates the motion giv^n by the hand in the process of 
circular polishing. Very complete evidence of (he 
perfection of the speculum polished in Mr. Lassell's 
machine, is afforded by the circumstance, that with the 
telescope to which it was fitted, Mr, Lassell discovered 
the satellite of Neptune, the eighth satellite of Baturn, 
re-observed the sateUiCea of Uranus, which latter, 
; tlieir announcement by Sir William Herschel, 
had been seen by no other observer. 
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Tbe exact application of correct scientific prindd^ 
means of the most perfect workmansliip has pvi 
England a decided pre-eminence iu the consltuctitHi ft 
horological machines; while the Byetematic division of 
labour pursued in this countiy has enabled our artitans 
to produce clockB and watches of uncommon excellence^ 
at EUch low prices that they constitult; a convenienc; 
now almost indispenBable. The esquJEile reguUrity in 
the Tate of going, which has been attained in cbrono 
meters by our makers, is almost incredible ; nor will 
this important object be thought to have been purchased 
at too great an expense of time and labour, except by 
those persons who may be ignorant of fhe vast ad- 
vantages derived from these nearly perfect timepieces ia 
the difficult and dangerous bttsiness of navigation. 

The ancients had various methods of marking tlie 
progress of time, but none that at all raEembled ihoae 
dependent upon the scientific apphcation of the pendu- 
lum or the balance-wheel, eren if the use of weights 



and ipringR be conceded to s much earlier ci 
to which their invention can be satisfactorily tiaced. 
The tun-dial, the clepsydra, and the sand-gUas, were 
successively adopted hy nations who bad not yet 
acquired a knunledgc of the highest application of 
mechanica. The clepsydra, or watt^r-clock, is an exceed- 
ingly BDcient inveniioD, and was constructed in various 
ways. One of these instruments, sent by a khalif of 
Persia to Charlemagne, a. d. 80?, ia said to have been 
made of brass, showing the houra by twelve little balls 
sf the same metal, which fell at the end of each hour, 
uid in £allirtg, struck a bell, and made it sound. It 
had various other fancy movements. The use of the 
hoar-glasB and the sua'dial has reached to our own 
times. About fifty years since the latter, in the form 
of a brasa ring, with the hours marked inside, and on 
the outside a sliding strip, with a small perforation for 
the (un's rays to pass through, while the instrument 
wu held Bus|)cniled by a string, was common in the 
pocketa of a class of persons now generally puBsesaing 
•ilvei' watches. 

It would be erroneous to imagine that clocks, ai we 
now have them, ought to be attributed- to any single ID- 
veotor ; the several parts would doubtless be the pro- 
dncdon of different persons. It is generally, however, 
•tated, that the art of making clocks, such as are now 
«Hd, was either first invented, or at least revived in 
German; little more than SOO yearsago. Most writers 
Ml lhi« subject have given descriptions of various inge- 
BiouB clocks, now or formerly to be seen on the cnnti- 
neat, nor does our own country seem to have wanted 
arUsts of celebrity in this line. 

From the above period, the art of clock-making — to 
■ay nothing of the taste for constructing automata — has, 
like every other handicraft depending on the progress of 
science, undergone many great alterations and improve- 
ments. Few elderly persona can have failed to i 
the changes which, in its external appearance, the 
nary house-clock has undergone. First, there wa 
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narron, daik-raced, myBteriouB- looking box^ with \ 
hand only, and a circular glaied hole in the door ; iheih 
the respectable oak-bodied piece of furniture, bearing 
date from the beginninii: of last century — its brsn 
face, EilTered hour circle, and blued sleel pointer*: 
lastly came the more expansive case of inlaid cabinet 
work, the handGome painted dial, braaa pointers, seconds' \ 
indei, and often olhej ingenious movements. Theae ' 
are the useful cbcka found in almost all the houiM of 
tradesmen, and even the better sort of roechanies, in 
most parts of England. Among the higher ranks s 
variety of elegant and expensive timepieces are con- 
atantly in demand, which afford employment \a a con- 
siderable number of hands. In addition, may be men- 
tioned the German clocks, having wooden or brass 
wheels, and which are sold so cheap, with or without 
"larums'' or " cuckoos," that they are met with in 
thoufiands of the poorer cottages throughout the king- 
It might, perhaps, have been expected, from what we 
witness in other trades, especially where the working of 
metal is concerned, that the manufacture of docks 
would be found carried on in large establishments, by 
numerous hands, under one common superin ten deuce ; 
and in such a town as Birmingham, where labour is 
cheap, where industry and skill are present, and parti- 
cularly, as there the art of making and working brass 
so greatly flourishes. This however, is not exactly the 
case. Every tawn, indeed, has its clock-makers, wboH 
business is generally to finish the works sold by the 
first fabricators in a certain state, put them into appro- 
priate cases, and afterwards clean and keep them in 
repair. Chronometers, and tile more valuaUe descrip- 
tions of timepieces, are made in Lonilon ; but great 
quantities of capital thirty-hours and eight-day clocks 
are manufactured at Lichfield, Newcastle-under-Lyne, 
Aihbourn, Darlington, &c. The brass work, howerer, 
is commonly cast in Birmingham or Sheffield ; while 
the pinions, and various parts of iron or steel are forged. 



u 




313 

1, cut, and sold at gorpriainglf low prices b; llie 
£ artiaiins of Lsncaihire. The, pinions, which 
^onld be mide of good ateel, arc formed by etrikiiig ihe 
Betil into a boeg, or between a pair of dies, properly 
Mrilowed to ihe wood ; they are then rough-turned at 
he lathe to the proper siies, after which the leayes are 
nt with an engine. In (his state, without being neatly 
|led up, or having the pivot ends turned ilown, they 
be sold, along mlh the other forged parts, in sets, to 
pe clocIt-roftkerR. The wiieeta and other parts of brass 
Be sold by the founder at ao much per pound or Pet, 
Hie vhee^ are never cast with the teelh tipon them, 
tie being impracticable. In preparing them for com- 
iDition in clock work, they are in the flrst place neatly 
Ued in theopeniagi, and then, having been bored in the 
jtoilre, they ire carefully and accurately turned on both 
^des, and on theedge; after which, they are taken to the 
pg^ne, and the teeth cut on the rim. This engine con- 
lista of two parts, — the apparatus for setting out on the 
Kriphery of the wheel the requisite number of divi- 
liona, and the machinery for cutting the metal at each 
tfitliete diviuons into the form of teeth. Fig, Ji, it a 



Fig 74. 




plati of the engine commonly used by the clock-makers 
for this purpose. A B la a flat bar or foundauon of 
boo, abtnit thirty inches long and four inches broad ; 
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under this bar is pisced ihe lii riding plate C, which ii 
about fourteen inches id diameter, made of slraug bi 
turned exactly smooth and round, and having c 
its upper face a number of concentric circles, accuratdj 
perforated with smal! holes or indentations, at sucb dis- 
tances, as to divide each circle into a different nunbn 
of parts ; the inner circle having, perhaps, only five oi 
eight divisions, and the outer one 3G0 ; tie intermediste 
circles being calculated, either by their actual divinoDt 
or by repeating them in the work, to produce a gre«t 
diversity of numhers, ranging between the two circles. 
This plate has an upright arbor passing through the 
iron bar, and upon which is fixed, by means of a screw, 
the wheel D intended to be cut. The cutting apparatus 
consists of the frame E, carrying the axis F and its cog- 
wheel, and terminating in the winch handle G ; the 
cog-wheel actuates a pinion H upon another axle, upon 
which is fitted the steel cutter I ; this axis is sustained, 
and may be regulated by the screws a 6, which receive 
its pivot ends. This frame is contuned in the sliding 
bed-piece K K, and being poised upon the two screws 
c d, the cutler may be raised or lowered at pleasure by 
means of a screw in the croas-piece L ; or the whole 
may be turned up together, as occasion requires. The 
screw M passes tlirough a hanging projection at the 
end of the frame, and into a part of the sliding bed-piece 
K K, also underneath. The action of the engine will 
now lie easily understood : tlie wheel D being properly 
fastened upon the orbor of the dividing plate, Ihe plala 
itself is prevented from turning round by means of a 
screw upon the arm N, wluch passes over its surface, and 
has a point which falls into one of the indentationa in 
the circles above mentioned. The plate being thus 
tlxad, the handle G is turned, lo give revolution to the 
cutter, which is made gradually to boar and operate 
upon the wheel by slowly turning the handle O. to ad- 
vance the ahding frame. When one tooth has bcra 
cut deep enough, the sliding frame is drawn back ; the 
gauge N is released, and the graduated plale moved round 
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until the point falls into the next indentation, where it 
ii futeneil, and another tooth of the wheel cut as before 
—this operation being repeated until the wheel is 
ax>tbed quite round, which coincides exactly with one 
■ e rcTolution of the dividing plate. 

rentJyaized and difTerentiy shaped cutten areuted 

treat wheels : that repiesenled in the cut ia be- 

I on one side, for the purpose of cutting (he teeih 

n crown wheel of a clock. In forming the other 

wheels, a square-edged cutter ii applied. As this oper- 
ation leaves the teeth square at the edges, they are either 
rounded separately by means of a 6Ie, or apphed to 
another revolving cutter, which dresses them uniformly 
and rapidly. The puiions having been properly finislied, 
their leaves accurately filed, and tlie pivot enda turned 
down, they are hardened anil tempered ; after which 
6te wheel is affined b; tlie following tnethod : — A amall 
piece of brass is bored and slipped upon the spindle of 
the pinion to the part where die wheel is to be ; there 
it » fastened by soft solder. It is then carefully turned 
down, until the hole in the centre of the wheel will just 
alip on, and where, when found to be exactly true, it is 
riveted fast ; the place of junction of the two parts being 
finaUy neatly levelled by any application of the ttrnilng 
tool. 

Preparatory to the insertion of the wheels and other 
parts, the two cast braes plates intended to form, as it 
were, the walls of the machinery, are accurately ham- 
mered, squared, smoothed, and perforated with the 
s pivot holes, &c. For the latter purpose, the 
two plates are pinned together, and the arrangement of 
the wheels drawn upon them, or they are bored by the 
application of a steel pattern plate. The plates are then 
separated ; the pillars, previously turned, are riveted 
into one plale, and made to jit through holes in tlie 
Other ; the works are introduced, either between the 
platec, or they are affixed by means of screws ; and in 
this state the work is generally sold to the dock-maker, 
juho affixes the face, the pointets, weights, pendulum. &c. 



1 



SI 6 OLOCKt i 

One of the least coinplejt formB of ci 
the clock can assume is that devised by the ingenioia 
Dr. Franklin, which, while it shows the houn, minitK^ 
and seconds, has but three wheels and tno pinions la 
the whole movement.- Fig. 75. shows the dial-plits. 




with the hours engraven upon it in spiral spaces a 
tffo diamelera of a circle, containing four times aixt; I 
minutes. The pointer A goes round in four houra, uul I 
indicates the minutes from any hour hj which it hM I 
passed to the next following hour. The time, therefoK) I 
according to the position of the index ta shown in the 
figure, is either thirty minutes past XII, IV, or VJII ! 
and Eo in every other quarter of the circle it points to 
the number of minutes after the hours which the Index 
has left in its motion. The small hand B, in the ardi 
at the top, goes round once in a minute, and ahowE the 
seconds. The wbeelvork of the clock is shown in 
fig. 76. A is the great wheel, amtaining IfiO teeth.and 
going round in four hours, carrying the pointer, which 
ia let down by a hole on its axis. This wheel turns a 
pinion B of ten leaves, which, therefore, goes round in 
a quarter of an hour. On the ayia of this pinion is the 
wheel C of 190 teeth, which goes round in the same 
IB the pinion J> of eight leavea round JA ' 



CHAP. XT. mmmsmam ow ix cmbt-dat cimx. SI 7 



a minute^ baring the ■ceonds' hand od its szh, and abo 
the click wheel £ of thirty teeth, for moring bj palleta 
a pendnlnm that Tibntn teeondi. This dodc is woimd 
up by a line going OTer a poUej, with a ratchet stop 
on the axis of the great wheeL An improred do€k on 
this principle of constmctiony bot which both shows the 
lioors more explidtlj by means of another contriTance, 
and also reqaiies sddomer to be drawn up, has been 
described by the late ingenious Mr. Ferguson : other 
alterations have been proposed and made by different 
indiyidaals. 

Figs. 77*9 78., and 79* comprise a representation of 
the ordinary eight-day clock, including the mechanism 
for striking the hours. Fig. 77* is an elcTstion of the 
clock sideways, showing the pendulum and the going 
part^ the striking movements being omitted to prevent 
confusion : fig. 78. is a projection of the wheelwork of 
both the going and striking part ; ^ndfig. 79* is the 
dial-work, or medianism on the outside of the front 
plate^ and immediately under the face (which is re- 
moved) ; it is that part which puts the striking train 
in motion every hour. A clock of this kind contains 
two independent trains of wheelwork^ each with its 
separate first mover : one is constantly goings to indi- 
cate the time by the hands on the diaLplate ; the other 
is put in motion every hour, and strikes a bell to an- 
nounce the hour at a distance. A variety of table clocks 
actuated by a spring, and containing only the going 
train, are produced by the London makers at moderate 
prices, the instrument being much simplilied by the 
absence of the repeating mechanism, even when it is 
merely required to strike the quarters. 

In figs. 77. and 78. a is the barrel of the gping part; 
it has a catgut band b attached at one end, and wound 
round the cylinder, the other end being fastened to the 
fotmdation support ; on it is suspended the weight Z of 
about 12 lbs., which keeps the clock going. Instead of 
thus hanging a heavy weight upon the hook of a pulley, 
acting on the loop of a double string, the clock would 



act the BBine if a lighter weight were liniply BiupeDde 
l)y a knot at the eiul of a eingle string, in the nunw 
of ' C^S- 77.) ; with this difference, however, that ih 
case of an eight-day dock would require to he twice i 
deep in the latter as in the former arrangement, Tli 

Fig. 77. 
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fixed upon ihe end of tbe barrel, turning a 
eight leaves on an arbor which carries the mi 
The centre wheel 64 is placed on the same arbor,il 
ing the wheel 6o by a pinion of eight leaves 
arbor : this last wheel acta on ihc pinion of e' ' 
the arbor of the swing-wheel 30 ; i2 & a: 
the escapement fixed on the arbor e {Jig. 77.)> , 
through the back plate of the dock, and carr]' 
lever f: thia lever has either a small pin prq 
from its lower end, as shown in the figure, goii]{J|| 
an ohlong hole made in the rod B of the pendoliu 
else the lower end is bent outward, having { 
throtigh which the rod passes. The pendulum a 
of a metallic rod, commonly suspended by a | 
slender steel spring D from the bracket E ; it h 
weight, called the hob, at its lower end, and, t 
clock under description, 39'125 inches from tbejjf 
of suspension. When this pcndulur 
the perpendicular line in either direction, and s 
to fall back again, it swings nearly as much beyoM 
perpendicular on the contrary side, and then i 
this it will continue to do for s< 
these vibrations will be performed in one second qf jj| 
when the pendulum is of the above length, 
pended rod is, in reality, the measurer of ti 
office of the clock is only to indicate the number fl 
brations it has made, and give it, through the acuj 
the swing-wheel on the palleti, a small impuli 
time to keep it going, as the resistance of the It 
the friction, would oiherwise, in a few hours, ( 
to stop. The distance between the two palletR ii^ 
ailjusted, that only half a tooth of the wheel esoq 
each vibration ; and as the v»heel baa thirty teetii, U 
revolve once in sixty vibrations of one second e 
one minute; consequently, a hand on the arbor a 
wheel will indicate seconds on the dial-plate Pi] 
pinion of eight on its arbor ia turned by a whed 9 
which, consequently, will turn ohce i 
and a half of the other, or in seven minuieB 4 
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Mcondsy or one eighth of an hour ; its pinion of eight 
kmoved hy a wheel of 64^ or eight timet itself^ which 
SRH turn in one eighth part of the time ; thii will he 
sn hour ; the arhor of this wheels therefore, carries the 
minute-hand of the clock. The great wheel of 96 being 
twelve times the number of the pinion eight, will turn 
once in twelve hours, and the barrel a with it The 
gnt goes round sixteen times, so that the clock will go 
eight days. 

The hour-hand of the dock is turned by the wheel- 
work, as shown in fig. 78. On the end of the arbor of 
the centre wheel 64, a tube is fitted, so as to go round 
^th it by friction ; this carries the minute-hand ; but, 
if tHe clock should require correction, the hand may be 
slipped round without moving the wheels: this tube 
)utt a pinion of forty teeth on its lower end, indicated 
hy a dotted circle ; this turns another wheel, 40, which 
bas ft pinion of six teeth on its arbor, turning a wheel, 
72 ; the two wheels, with forty teeth, will both turn in 
^ hour ; and 72> in twelve hours : the arbor of this 
^heel has the hour-hand, and consists of a tube going 
over the arbor of the minute-hand, so that the two are 
ooQcentric. The barrel a has a stout arbor coming 
^irongh the front plate and dial of the clock, and is filed 
iquare to put on a key to wind up the weight. The great 
wheel, 96, is not fixed fast to the arbor, but merely 
fitted upon it, and having a click, which takes the teeth 
of a ratchet wheel cut upon a raised rim at one end of 
the barrel ; so that the barrel may be turned in the di. 
lection to wind up the weight, without moving the 
wheel, which, through the action of the click, is imme- 
diately operated upon again by the weight, when the 
key is removed. 

Having now described the going part of the clock, it 
remains to describe the mechanism by which the hours 
ire struck. In fi>g, 78., the great wheel, 78, has a bar- 
rel and dick the same as that of 96 teeth aheady de- 
icribed : it turns a pinion of eight ; 64 is a wheel on 
the same arbor, turning a pinion of eight on the arbor 
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of the wheel o, of 48 ; ihis turns another pinion rf 
eight, and wheel p, of 4S ; which turns a pinion of ix, 
on the Banit arbor with a thin vane or fanner of intld 
called the Uy, and which, by the resistance of the air 0) 
its motion, regulates the velocity of the wheels. The 
wheel 6i haa eight pine projecting from it ; these rUR 
the tall n of the hammer as they revolve, anJ the huniMr 
is returned smartly when the pins leave its tail, by * 
spring, m, pressing on the end of a pin put throD^ 
its arbor, and strikes the bell, Q ; lis a short spring; 
which the other end of the pin, through tlie iitofi 
touches, just before the hammer comes into contUI- 
■with the bell ; its use is to bear the hammer off the b* 
the moment it has struck, that it may not jar or ii^ 
the soundf The eighth pin in the wheel 1)4 niusl ;» 
hy the hammer tail seveniy-ejghl times in striHng 4e 
twelve hours, and, as its pinion hag eight leaves, e*A 
leaf of the pinion answers to a pin in the wheel Wj 
now, as the great wheel has IS teeth, it will turaw* 
in twelve hours, the same as the other great wheel, 9^' 
In the wheel 6+, eight of its teeth correspond to one rf 
the pins for the hammer, and, as the pinion of dU 
wheel has eight teeth, the wheel itself will lumonair 
each stroke of the hammer, tlie ily, meanwhile, 
48 times. 

Fig. 79. is also mechanism relating to the scnUlf, 
part; r is a small pinion of one tooth, called 
thering pallet, on the arbor of the wheel o, and, 
quently, turns once for each stroke of the hammffli 
is a segment of a large wheel, or rack, which it tinu 
I is an arm attached to the rack, whose end rests agill 
a spiral plate, v, called the snail; this is fixed OD i 
tubular arbor, before described, of the hour-hand |l 
wheel 72, and turns round with it once in 12 ban 
The plate is divided into 12 equal angles, SO itffi 
each ; and, as it turns, each of these answers U 
hour; the circular arcs, forming the circumfeTAiwe 
the snail, are struck from the centre of the arbor I 
tween each division, with a different radius, dec 
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i certain quantity each time in the order of the houri. 
rhe circular part of the rack s is cut into teeth, each of 
rhich is of such a lengthy that every step upon the 
nail shall answer to one of them ; to is a spring press- 
ig against the tail of the rack^ and acting to throw the 
rm of the rack against the snail ; ^ is a click called 
le hawk's-hill^ taking into the teeth of the rack, and 
olding it up in opposition to the spring; i Ar is a 
iree-armed detent, called the warning-piece ; the arm 
is bent at its end, and passes through a hole in the 
Y>nt plate of the clock, so as to catch a pin placed in 
le of the arms of the wheel p (^fig, 78.)^ &nd which de- 
Tibes the dotted circle in fig, 79- ; the other arm, t, 
anda so as to fall in the way of a pin in the wheel 40«. 
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In the figure the striking train is represented m9 
tion, to which it is brought as foUowE: — "^^1 
40, IS already stated, turns once in an hour, ■ 
sequently, at the expiration of every hour, the ^ 
takes the end t, and moves it towards tlie Epring m 
this depresses the end k, untU it falls in the c' 
motion of the pin in the wheel p {Jig. ''S,), E 
time that the short tail depresses one end of the ! 
bill, and raises the other, g; injmediately the q 
throws the rack back, until the end of its tail 
that part of the snuil which is nearest it; whe 
falls back, the pin in it is moved clear of the g 
pallet, T, and the wheels set at liberty; the n 
power puts them in motion ; but before the h 
has struck, the pin in the wheel ji falls against d 
of h, and stops the whole; this takes place a ft 
nutes before the clock strikes the hour, and the qi 
the wheels turning is caUed the "warning;' 
persons have thought it would be better if the el 
not to perform this operation. 

When the hour is expired, the wheel 40 hM d 
BO far as to allow the end of i to slip o 
the small spring pressing against it^ rai 
as to tie within the circleof the wheelp(_^j.78.).J 
obetacle being now removed, the wheel, 64, it 
hammer r, and it strikes the bell ; tlie gather 
lakes up the rack, a tooth at each turn, the hawlj 
retaining it until the pin in the rack ci 
gathering pallet, and stops tlie motion of the ^ 
till the pin in the wheel 40, at the end of tl 
hour, takes the warning-piece, and repeats tfae^ 
operation. As the gathering pallet turns oi 
blow of the hammer, and its fang gathers up o 
of the rack at each turn, it is evident that [hem 
teeth the rack is allowed to fall back limits the % 
of strokes the hammer wiU make. This is % 
the resting of the tail of the rack on the n 
step of the snail answers to one tooth of the n 
one Etruke of the hammer ; at each haur a fiesh m 
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the anail is tmned to the tail of the nek ; asd, br thi* 
ineansj the number of strokes is made to increase, coe 
at each hoar's end^ from one to twelre. 

The manufacture of watches, as alre^j mentionefi, 
forms an important staple trade of this eoantry. The 
principal seats of the art are London. Corentrr, ar.d 
LiverpooL English-maile watches enjoy considerahrle 
lepntation abroad, and, conseqnentlj, fetch bijHi prices ; 
and it is to be regretted that this distinction, ao de- 
aeryedly sustained by the best genuine articles, should 
be undermined, not merely by the exportation of flash 
workmanships but by an unprincipled practice of en- 
graving upon such worthless things the name of some 
maker of reputation. 

The labour of watch-making iseztensiTely distributed, 
there being about thirty distinct branches. One party 
produees ^e steel springs ; another, called the " move- 
ment makers," the wheelwork generally ; a third, the 
chains^ the delicate manufacture of which is chiefly 
carried on at ^Vbitchurch^ Hants ; a fourth, the dials, 
which are enamelled discs of thin copper ; a fifth, the 
hands ; a sixth, the cases, and so on. ^V'atch-work de- 
mands the utmost delicacy of manipuUtion in the 
manufacture, the parts being mostly executed under a 
high magnifying power. The wheels, the brass for 
which is required to be of the very best and flneat 
quality, are first turned to the proper size, and after- 
wards cut by a machine, similar in principle to that 
previously described for cutting clock wheels. The 
steel arbors on which the wheels are fixed, are turned 
out of pinion wire, the leaves being left on the shaft 
where wanted, while the superfluous metal is removed 
by the application of the tool. Instruments appropriate 
to all the purposes of watch-making are made by the 
more celebrated Lancashire tool-makers. 

In the mechanism of the common pocket-watch, the 
wheels between the plates differ from those of the clock 
above described, not only in size, but also in number, 
position^ number of teeth, and other particulars : the 
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most Btnking differences, however, are, that inaUi 
the weight •nd pendulum, the prime mover is a ( 
Tiband-like spring of steel, nhile the beat is tnv 
depend upon the action of the pallets of nhat it i 
monly called the verge, upon ihe balance-wheel, 
little shaUow circular box. A, containing the sp 
and the fusee, B, nith the chain C, connecting ll 
are shown below (fg. 80.), The prime movemei 
Fig. SO. 

the various elegant table clocks is exact!<^ Eimilv tE 
foregoing, and on a scale of enlargement proporliil 
to the size of the connected works. The appeal 
and combination of the balance with the balance-nl 
the former performing in the watch that office wl 
in most clocks, is performed by the pendulum, is sli 
in Jig. 81. A is the balance, being a circular vba 




burnished stee], delicately poised by the pirott' 
arbor, which is called the verge, and uiwn whicl 
the two fins, a b placed at diffbrent angles, and i 
upon alternately by the teeth of the cylindrie ball 
wheel B, placed vertically, and deriving its momei 
from the train by the pioion C. The insunt iec( 
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tiie balance ifter etch icktte of ±* {mILk £rns a ucth 
of the wheel is produced bj the beiiiial LiirHpring D, 
ihown in its place as coiled under ±(e f j, la wkica one 
end is attached, and the other p*""'rr dirac^ a ilidin^ 
pin in the plate, affords a means ci nssuZtiinz the 
watch, by increasing or Hiir.im*K:rg the Lecj^ acd 
(onaeqaent action of the spring. These spring are cf 
tteel wire, exquisitely drawn and tempered, acid aSbrd, 
in their manufacture, the most strJdziz illiucracoa 
hiown of the transcendent ralue imparted to a cheap 
material by workmanship* 

The wheelwork of an ordinary watch, and iu oper- 
ttioD, may, perhaps, be understood from the following 
description: — The chain being fixed at one end to the 
wider part of the fusee, and, at the other, hooked to 
the banrel or box containing the spring, when the ma- 
chine is winding up, the fusee is turned round by the 
application of the key, and, of course, the barrel turns 
iIbo ; on its inside is fixed one end of the spring, the 
other being fastened to an immovable axis in its centre. 
Aa the barrel moves round, it coils the spring several 
times about the axis, thereby increasing the elastic 
force to a proper degree ; meanwhile the chain is drawn 
off the barrel upon the fusee : and when the winding 
up is complete, and the key removed, the spring, by its 
elastic force, endeavouring constantly to unbend itself, 
acts upon the barrel by carrying it round, by which 
the chain is drawn off from the fusee, thus turning it, 
and, therewith, the whole of the machinery. Now, as 
the spring unbends itself by degrees, its elastic force, 
by which it affects the fusee, will gradually decrease ; 
and, therefore, unless there were some mechanical con« 
trivance in the figure of the superficies of the fusee, to 
cause that, as the spring grows weaker, the chain shall 
be removed further from the centre of the fusee, so 
that what is lost in the spring's elasticity, is gained in 
the length of the lever, — were it not for this contri- 
vance, the spring s force would always be unequal upon 
the fusee, and thus turn it, and, consequently, the whole 
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maehiDery, unequally. All this is remeilici! by miking 
ihe fusee conical, die chain falling into a spiral grooTe 
cut about its periphery. 

When the watch is nounti up. the chain from the 
spring Kxerta a force, through the fusee, upon the gte»t | 
wheel of 48 teelh, acting on a pinion of twelve leaw*, 
on the arbor of the centre wheel of 53 teeth, whioh 
ukea a pinion of six on the axia of the third wheel at \ 
48 teeth, and which, acting on another pinion of the 
same number, drivee (he contrate wheel of 48 teeth; 
thia acts upon Ihe six-leaved pinion of the batance-whed, 
the Bfteen teeth of which give that impulse to the vei^ 
pallets, which keeps the balance in motion. Such is, ia 
general, the mechanism of a thirty-hour watch, ae it lies 
between the plates, and serves to indicate the minutes, 
seconds, and quarter- seconds of an hour : for nicasnring 
the hours of the day, there is other machinery between 
the upper side of the pillar-plate and the diaJ-platCp 
The middle of the plate is perforated with a hole rft- 
ceiving the end of the arbor of the centre wheel, which 
carries the minute-hand ; near the {ilate is fixed a pinion 
of ten leaves; this is called the pinion of report; it 
diivea a wheel of 40 teeth, which carries a pinion of 
twelve leaves, acting on a wheel with 36 teeth. At in 
the body of the watch, the wheels every where divide 
the pinions ; so here, on the contrary, the pinions divide 
(he wheels, and, by that means, decrease the motion, 
which is here necessary ; for the hour-hand, which ia 
carried on a socket Axed on the wheel with 36 leeth, ia 
required to move but once round, while the piiuon at 
ten leaves moves twelve times round. 

The old-fashioned watches, as every one must have 
noticed, are considerably thicker than those of modern ' 
construction, which are compressed, and consequently 
bath more elegant and convenient. This improvement 
has been effected, in the iirst place, by sinking the third 
wheel into the front plate ; and, on this account, these 
were commonly, at first, called "sunk wheel watches j" 
and, secondlj, bj a\\QtVeTi\Ti^ ftie i-iisa «t *« liheeli. 
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and, comeqnendy, the fusee: to allow of this latter 
•Iteratioii, the fusee must either be enlarged in its dia. 
meter^ or the chain must be reduced in thickness ; these 
expedients are generally combined ; but the delicacy at« 
tained in the construction of the chains for some very 
thin watcbes is greatly at the expense of their durability. 
Watches are sometimes fitted with a bell and other 
niAchinery for striking the hours, ringing an alarum at 
a given time^ or, more commonly, for repeating any 
number of times^ on pushing a spring, the hour and 
quarter last past, so that a person in the dark may 
easily ascertain the time : these watches — more properly^ 
pocket clocks — are called repeaters. 

Tbe two points to which modern science has been so 
successfully applied, in the perfection of horological 
machines^ are the escapement and the pendulum ; and 
both have been indebted to those resources of practical 
ingenuity, wbich first-rate artists alone can either fur- 
niah or appreciate. The motions of a clock or watch, 
as we have already seen, are regulated by a pendulum 
or balance^ which serves as a check, without which the 
wheels impelled by the spring or the weight would run 
round with an accelerated motion until the force of the 
prime mover was spent : when^ however, the pendulum 
or balance is put in the way of this motion^ in such a 
manner that only one tooth of a wheel can pass^ the re- 
volutions are made to depend on the vibration of the 
pendulum or balance. As the motion of these regulators 
is alternate, while the pressure of the wheels is con- 
stantly in the same direction, it is necessary to employ 
some means to adapt these dififerent motions to each 
other. When a tooth of the wheel has given the pen- 
dulum or balance a motion in one direction, it must be 
disengaged, or allowed to escape, that the pendulum or 
balance may receive an impulsion in the opposite direc- 
tion : this has given rise to the term escapement. 

Fig* 82. in the following page, represents the ordinary 
recoiling escapement^ exactly similar in principle to that 
previous]/ fibown with the balance-wlied oi «k^^\x2tL\ 



here, it is applied to what in a clock is colled the crowo' 
wheeL Its action may be tlms iliustiated : let xg re 




Mmt a horizontal axis, to which (he petidnlum is attached 
by a slender rod ; thia axis has two leaves, c and d, one 
near each end, and not in the same plane, but so itui 
nheu the pendulum hangs perpendicularly at rest, e 
spreads a few degrees to the right, and d as much to the 
left : these are called the pallets. Let/£ represent the 
crown-wheel turning on a perpendicular axis e o, ia 
the order efb. The teeth of this wheel, generally an 
odd number, are in the form of those of a saw, leiimig; 
forward in the direction of the rim's motion: in the 
figure, the pendulum is represented at the extremity 
of its excursion towards (he right, a tooth having just 
escaped from one pallet and dropped on the other. 
While the pendulum moves from p to 3, the tooth in 
contact with the pallet d still presses on it, and thill 
accelerates the pendulum along p ft and ft g; and when 
d, by turning round the ax:;, x 1/, raises its point above 
the plane of the wheel, the tooth b escapes from it, and 
i drops on c, now nearly perpendicular ; thus c is pressed 
to the right, and Xhe mollion ol 'toe -^eMfciKaa ii\a\i^ q p 
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18 accelerated. Again^ while the pendulum hangs per* 
pendicnlarly in the line x h, the tooth h, hy pressing on 
dy will force the pendulum to the left^ and if it be not 
too heavy^ will force it so far from the perpendicular that 
h will escape^ and t will catch on c and force the pen. 
dulum back to p, when the same motion will be repeated. 
This efifect will be the more remarkal)le^ if the rod of the 
pendulum be continued through x y, and have a ball q, 
on the other end to balance p. 

The escapement devised by Mr. Gumming is shown in 
Jig, S3,: ABC represents a portion of the swing wheels 




df which O is the centre, A one of the teeth, and Z the 
centre of the crutch, the pallets and pendulum. The 
crutch is somewhat of the form of the letter A, having 
in the bent cross-piece a slit at K ; the arm Z F forms 
the first detent, and the tooth A is represented as locked 
on it. The first pallet is on the end of an arm lying 
wholly behind the arm Z F of the detent, and fixed to a 
round piece of brass, ef g, having the same centre as 
the detents, and turning on pivots concentric to the 
axis of the pendulum; to the same piece of brass is 
fixed an horizontal arm, carrying at its extremity the 
ball H, of such size that the action of the tooth A on 
the pallet is just able to raise it to the position repre- 
sented: Z P represents the fork or pendulum tod^i 
behind both detent and pallet ; a pia pio^ecU i<st'«^^ 
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through the sht at K, without touching dthei n 
of it. Attached to the fork is the bent am 
length, that when the pendulum rod ia perpendioB 
the angular dutance of the piece n from the rod 8 I 
just equal to the angular distance of the left side offl 
pin in the centre of the Ellt K. It is not 
describe in detail the modus operandi of this e 

it niaj', however, be stated, that both pallebid 
I detents are detached from the pendulum, except il 
It of unlocking the wheel ; so that, except d 
' this short interval, the pendulum ma; be said fe 
free during its whole vibration, and, of coi 
tion is more equable and undisturbed. 

In the Transactions of the Society of Arts for 19 
are figures and a description of a remontoire escape 
constructed by Mr. Prior, which possesses considil 
merit, and for which he was rewarded by the S 
" The advantage of this escapement is such I 
I give an exact and equal impulse to the pendulum m 
I out any friction, and which cannot be at all affectel' 
1 my irregularities or variations arising by the clog 
I of oil and increasing of friction from the train, el 
1 during the very small part of the vibration that t 
1 pendulum is removing the spring detents from off the 
I points of the teeth of the escape-wheel, the effects of 
, which can never be discovered in the rate by any varia- 
tion the oU on the pivots and the increase of friction can 
ever produce, as long as the wheels will be able to wind 
up what is called the 'renovating spring,' which will be 
nearly as long as they can move at all ; aa the renovating 
spring has not either to be wound up quick, or to be 
pushed beyond any catch or spring to keep it in il« 
I proper situation, nor can there ever be an; increase of 
riction in winding up the spring, as it is formed in 
earl; as right a line as possible ; consequently, mu«t 
] almost endless!; without cleaning, and will never 



require any 
Theai 



oil." 



t {fiij. 84.) is a representarion o{ 
ontrived by Mr. Reid of EdinlM 
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author of a work on clock and watch-making. It was 
thus described in the Edinburgh Encyclopedia :t—S W 
is the swing-wheel^ whose diameter may be so large as 
to be sufficiently free of the arbor of the wheel that 
runs into its pinion, which in eight-day clocks is the 
third ; the teeth of this swing-wheel are cut thus deep^ 
in order that the wheel may be as light as possible, and 
the strength of the teeth little more than what is neces- 
sary to resist the action or force of a common clock- 
weight through the wheels ; they are what may be 
called the locking-teeth. The impulse teeth consist of 
very small tempered steel pins inserted on the surface 
of the rim of the wheel, on one side only ; they are 
nearly two tenths of an inch in height, and the smaller 
they are, so much more room will be given for the 
thickness of the pallets. P P are the pallets, whose 
centre of motion is the same as that of the verge at a. 
That part of the pallet frame, as it may be called, in 
which is set the stone, for receiving the action or im- 
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pulse of the tmall pin teeth, is shown at P P, i 
neelion with the leeth; tile form of the pallet ei 
that which gives the dead beat ; d d »k the detj 
whose centre of motion is at c e, The screws, c 
in the arms of the detents, are for adjusting the p 
and regulating the effect of the detents on the loe 
wheel ; the two latter screws Tall upon the bI 
Having described the parts, the following will e 
the reader to understand their mode of at " 
left-hand side the pin tooth is represented a 
just escaped its pallet ; hut, previous to its hi 
oil to the flanch of this pallet, let us concave 
back, or end piece of it, had come, in consequen 
the motion of the pendulum, to that side, and opposing 
the screw e, which is in the detent arm, pushes or car- 
ries it on with it, and cansequentl; unlocks the tooth 
of the wheel, which then endeavours to get forward; 
but the pin tooth, at this instant of unlocking, meetiiig 
with the flanch of the pallet at the lower edge inside 
and pushing forward on the flanch, bj tills means im- 
pels the pendulum, and after having escaped the palle^ 
the next locking-tooth ia received by the detent on tbe 
right-hand side, where the wheel is now again locketU 
lo the mean time, while the pendulum is ilescribing 
that part of its vibration towards the left-hand free eni) 
detached, as the pallets are now at hberty lo move freely 
and independently of the small pin teeth, on the return 
of the pendulum on the right-hand side, the detent, bj 
means of the pallet on that side, is pushed out from 
locking the wheel, and at (he instant of unlocking the 
wheel gets forward, and (he pin tooth is at the same 
instant ready to get on the flanch of its pallet, and thus 
gives new impulse to the pendulum. After (he pin 
tooth has escaped the pallet, the wheel is again locked 
on the opposite or left-hand side ; the pendulum moves 
on 10 the right freely and independently till the next 
locking on the left takes place, and eo on. It is stated 
that B clock, lo which this escapement was fixed, wai 
observed from time to time with a very good transit 
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instrument^ and during a period of eighty-three days^ 
it kept within the second^ without any interim apparent 
deviation. 

The annexed cut (Jig. 85.) represents an escapement 
some years since laid hefore the Society of Arts hy the 

inventor, M. Delafons ; it 
Fig. 85. exhibits ingenuity and 

comparative simplicity^ and 
is thus described by the 
artist who made it, and 
who, in his communication 
to the above-named society, 
alludes to the scientific la- 
bours of two of his prede- 
cessors in this interesting 
department, Mr. Mudge 
and Mr. Haly^ individuals 
to whom horological me- 
chanism is greatly indebted. 
A shows the scape wheel ; 
B^ the lever pallet on an 
arbor with fine pivots, having at the lower end, C, the 
remontoire or spiral spring, fixed with a collar and 
stud, as pendulum springs are; D, the pallet of the 
verge, having a roller turning in small pivots for the 
lever pallet to act against ; £, pallets to discharge the 
locking, with a roller between; F, the arm of the 
locking pallet, continued at the other end to make it 
poise, having studs and screws ef, to adjust and bank 
the quantity of motion : a and b, the locking pallets, 
being portions of circles fastened on an arbor turning 
on fine pivots ; G, the triple fork, at the end of the 
arm of &e locking pallets. According to the inventor, 
the action of this improved remontoire detached escape- 
ment for chronometers is so adapted, that it gives a 
perfectly equal impulse to the balance, and at the same 
time entirely removes whatever irregularities arise from 
the different states of fluidity in the oil. 

Most of the better sort of watches are now made 
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with It detached lever eaeapemetit. The leTer il 
otiginsUy patented to a Liverpool wstch-inaker 1 
yeara ago, terminated at one end in a toothed m 
acting upon the balsDce through a pinion on 
during each impuliie of a tooth on the balan 
The advantages even of the raclt lever were bo 
that a method was presently devised for detachi 
from the balance during the greater part of the S 
tions of the latter. 1'he subjoined diagram wiUl 
trale the principle of the lever, which i 
greatly rasemblea that of the pendulum of a e 
Suppose A {fig. 86.) to to 
balance wheel, and B C the'f 
lets of a dead-beat t 
as in the better Eort of ( 
The piece of steel in which j 
pallets are tiled is afSxed t 
^ under side of the lever D, 1 
or coincident i 




thect 



eoftT 



ti thepi 



e end of the lever is a M 
circular hollow with a niefe i 
centre, and which, catchingiS 
spur on the balance aXle F, Kin 
the balance round ; i 
pallets remaining locked upon ■ 
tooth of the wheel, untU the action of the balance 
causing its spur to act on the opposite side of the nielf, 
the pallet is removed from the tooth of the wheel, and 
the balance is again impelled backward. The other 
end of the lever strikes alternately against two pinsj 
placed at proper distances, to prevent it from flying 
beyond the reach of the spur on the balance arbor.* 
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BmuiNoaAu, " the toy-ahop of the world," rappliei a 
prodigious quBntily of Binall srticleR, of which it would 
'be as difficult to prove the usefulnees ui to iliipute the 
beaaty. Ornament and utility, when applied to ihli 
dftu of manufactures, are t4;nn8 of luch convertible 
import, that it would not be easy to Sx the preciie 
tneaning of each, beyond the reach uf dispute. Rvvry 
Otke admits that a watch-key is an indispeniable acce*- 
laiy to a watch, but by many persona the chain might 
be denounced as superfltious — and itill more m ih* 
Ril ; thou|!h the lattt^r, especially if containing in i-n- 
grsTed stone or a piece of embossed glau^ia not without its 
occasional use, and may even become of great importance 
Madgnet. Thescienceof optics has, perhaps, bevn really 
more advantageous to mankind in aiding theeyeftighl, 
and in protracting the use of the visual organ for the or. 
dinuy purposes, than in bringing us acquainted with 
ibewondet^of the telescope and the microscope; and the 
mountiitg of a lens so as to be momentarily convenient, 
11 carrying, as it were, beyond itself, even the spectacle 
maker's art : and yet there in no alTectation carried 
to a more ridiculous extent than that of pretenrling 
Id have defective eyes for the sake of wearing a spying. 
glsM. A great variety of ingenious contrivances fnr 
iutening the different articles of llic dress of belli 
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sexes, ought hy no ineans to be excluded from tbt 
of manual and mechanical opecations, to which is 
plied the distinction of useful arts. A hook and 
wouldj indeed, fasten a lady's tippet — and if the at 
were formed on the improved principle, it might ni 
very liable to work loose ; hut a snap, as the little 
«id hit of bent wire are called, is a far safer, as wi 
a much neater fastening. A gentleman's cloak n 
oe secured by a button and a loop ; but the 
latchels and links are Dot more ornamental than 

Trinkets, properly so called, are of a widely diS 
class : and, whether worn upon the dress, the fin 
or in the ears, and exhibiting, as they often do, the 
exquisite workuianship, can certainly never be regi 
as useful in the ordinary sense of the term — 
though they happen to adorn or even become the Wi 
Articles of this description, although originally i 
posed of the precious materials, and combining in 
fabrication the delicate arts of the goldsmith am 
jeweller, are every day imitated in brass by the 
mingham artists, who at least derive an honest liveli 
from this exercise of their ingenuity. Some of t 
indeed, have done a great deal more: the Soho, 
wonderful creation of one master mind, and lal 
more renowned for its coining works and its st 
engines than even for its manufactures ia broiue 
or-molu, once under the patronage of royalty, ori^ 
in the production of superior gilt toys and trii 
" The eminence from which this celebrated eatal 
mcnt takes its name," to quote an elegant descri^ 
was once a barren heath, on the bleak summ 
which siood a naked hut, the habitation of a warr 
At liie bottom of if, however, there ripples a 
stream, the capabilities of which attracted the 
criminating eye of Mr. Bolton. He bought the . 
and expended a sum more than equal to the half a 
patrimony, in building workshops and dwellingi 
upwards of tfOO artizBiis. The water of the rivvJi 
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a pool, and made it fall on a water-wheel, 

Vllieh commuDicated motion t« an amazing number of 

^fibicDt machines and im piemen is, by nhoee agency 

mtt fabricated, in the highest elegance and perfection, 

ila of many kinds in gold, ailrer, torloiseshell, and 

el ; and many vitreous and metallic compositioni, 

gilded, plated, and inlaid works. As the worka 

Bpdly extended, the power of horses was, for a short 

time, employed in aid of the water-wheel ; but these 

tere at length superseded by an engine on Savory's 

iDDstrucdon, and^ finally, by the Bolton and Watt cn- 

The presiding genius of the place, who waa 

imithed from the varied operations of tl)ia nuteum of 

lechaoical wonders with the highest entertwnment as 

aa most lucrative employment, kept hospitality in 

nsion on the other side of the hill, which he sur- 

minded with a beautiful garden, having the charma of 

had; groves, velvet Uwna, and sparkling water," 

From the antique specimeiis of one kind of trinket — 

ebrooch — haa oiiginated the common pin, the amalleat. 

It M the same time the most universally demanded, 

t to aay most useful, product of the inferior operations 

braas. The brooch is undoubtedly a modification of 

e fibula of antiquity, which was a sort of buckle or 

iaap, itsed by the Gieeka and Romans for keeping close 

looping up some part of their clothes : they were of 

rious forms, and often adorned with precious stones. 

le ancient Highlanders wore brooches of gold and 

TGT, some of them of a large axt, set with precious 

meei, or containing glazed cells for the reception of 

Jica or other rarities. 

The cheap articles of llie classes above mentioned are 
iQMtlj composed, in the larger sorts, of fine brass, anil 
I the smaller, often of what is significantly termed 
jeweDera' gold," which may ather mean gold of half. 
Hudard purity, an alloy of copper, gilt, or a fine yellow 
composition metal, consisdng of copper and line in 
' nit equal proportions. The last is the Mosaic gold, 
Parker's metal, aa it is sometimes called. Prince's 
!t»l, an alloy somewhat resembling gold, and which 
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wi3 ao AeoomiiMei after prince Rupert, who patri 
the mHnufacture, consisted of copper, nitb only & U 
■dmixtore of zinf, ss did also a compoaitioc caUed^fl 
its iQTentor, pinchbeck, and which n 
about 17fiO for watch-caBea and toys in genentf 
would be futile to attempt to describe in detail tt 
less methods adopted by the artisans of Bim 
and other places in the manufacture of gilt » 
quered toys of the before.mentioned metals : 
indeed, comprised in the use of tools and contrilM 
for the most part already mentioned. Before « 
scrihe in detail the making of pins, it may be ii 
to observe thatj in a kindred article, braas tl 
consumption ia ejtceedingly great, notwithatand 
cheapness, and consequent extensive nse of sUva 
Any person who may happen casually to notice 
these apparently ineignificant but really indispe 
little articles, as they are made now-a-days, cannot but 
be struck with their Improved appearance as compated 
with those made formerly. 

Pina, as already intimated, have in their use and 
manufacture succeeded the ancient fibula: the traiui- 
tion, however, waa not made at once, but gradually. 
Until nearly the middle of the aisteenth century, the 
females of this country made use of skewers of gold, 
silver, brass, and even of wood, in varioua parts of their 
dress : some of these would, of course, have ornamented 
heads, in the manner of our " breast pins," but clumaet 
in make. Soon afterwards we lind that pins began to be 
made in England, probably in imitation of those intro- 
duced from abroad. The manufacture presently became 
of sufficient importance to engage the attention of par- 
liament, towards the latter end of thereign of Henry VIU. 
We may, however, infer from the statute then made 
" concerning pine," that the article known by that 
name in 1543, was very different from what we now 
see. The act seta forth that " no person shall put 
to sale any pins but only such as be double.headed, and 
have the heads soldered fast to the shank of the v' 



Well imoothed, the think well duTen, Ae inuit trdi 

end toundly Sled, caoted, uil iharpeDnL** The labour 
of making pins afler this manner, m it moit hare rau 
dered tliein very expensiTe, ibowk the aoTcJty of the 
Inventionj which wu probably but > Uitk before brcogfat 
bom France. The hi);h price and inconreniency of 
die make of ihose [nns natarally set the Engliafa t*ark' 
Bun upon improving bo tedious and duouy ■ maoofac- 
lare, and in about three year* time something like tite 
pivsent ingenious and expedilioiii mode of ''"^'"g ihem 
had been liit upon, as may be inferred from the repeal, 
ing of the above statute. ^Ve are told that the pin 
maniiiactory was introduced into Gloneeiter about 1626, 
by a person of the name of TUby : that dty aubaequently 
became noted for the perfection of its pina, and the 
fttat Dumber of houses employed in making ibem, — 
1500 persons having at one lime earned their liveli- 
bood by this occupation. It has been slated, too, that 
tome years since, pins were sent annually to the metro- 
polis to the amount of 20,000/., in addition to which 
the manufacturers enjoyed an extensive trade with Spain 
and America. In 1636, the London pin-makers ob- 
taiiied a charter of incorporattun, with a manter, two 
wardens, and eighteen assistants. Not only in London, 
however, but to a large extent in Birmingham, as nell 
IB in several other places, the manufacture of pins is 
tarried on. As this is a branch of industry from which 
Ktults an article astonishingly cheap as compared with 
&e great number of hands through which each pin 
passes, it has been selected by Dr. Adam Smith, and 
Other writers on political economy, as iUustrative of the 
working of an important principle — " the division of 
labour." 

Most of the writers here alluded to begin by de- 
■eribing the processes liy which brass is made into wire : 
these, though undoubtedly belonging to the manufacture 
of a pin, separately considered, are not in reaUty carried 
Ca in any establishment- where pins are made. In the 
workshops where pins are formed by the caramon 
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tnetbod, the firEt operation is sizing and stiflbning At 
wire, which comes from the drawing mill in an exceed- 
ingly soft statfi, and covered with a considerable ^cit- 
nesE of oudatibn or scurf, in consequence of its haring 
been heated to rednesB in annealing. To make tUi 
wire BQfficiently clean, hard, and of the gauge w id 
proper for tlie pin-mailer's purpose, it is immersed il 
pickle of dilutal nitric acid, and afterwards well wuhal 
in clean water, and dried. It is then wound upon 8 
reel, and one end having been filed bo as to pass tlmmgh 
the hole of a drawplate, it is fastened to an iron cylin- 
der, made to revolve by a horizontal handle, in tbe 
manner described in a preceding volume in the chapter 
on wiie.drawing, and by this means it is drawn from 
the leel to the cylinder, being reduced by its passa^ 
through the plate to the proper size, at the same time it 
is rendered stiffand bright. 

The wire is now to be straightened, by ihawing it 
irom the coil in which it lay about the cylinder, and 
stretching or laying it out in lengths of three or four 
yards each, upon a hoard fixed for the purpose. This 
apparently simple operation is one which requires coiu 
siderable practice and dexterity in the worlmaD. To 
effect his object, the man drives seven tacks or bits of 
strong wire into the surface of a piece of wood attached 
to the bench and near the reel, as here represented. 
(f'S- 87 ) These pega are arranged in such a manaer. 




that the wire, on being pulled between thetn with ■ p»lr 



of pincers, fiUi upon the boanl perfectly straight. 

Tbese lengths are then cut up wiib thean into piecei 

nilalile for dx pins, Klloning a tittle over : in this Male 

thej are readj for pointing. 

The pointing is performed b; means of ■ machine 

called a mitl, and which u£ed to be made to revoUe bji 

means of a large flywheel, turned by hand : at pment. 

&awever, in moat manufactories, it h connecud with 
ileim power. This mill conslsta of what might be 
failed a circular dngle-cut file, and a small grindstone 
of fine grit : the former is a round heail of steel about 
four inches in diameter, two inches across the face, and 
It with a double row of te^lh, meeting obliquely in the 
middle. The whole of the machine, including the 
pvdley, and as detached from the frame in which it rons, 
way be thus represented, (f ij. 88.) The workman 




takes up from one to two dozens, or as many of the 

lengths of wire as he can manage between hia fore- 
fingers and thumbs after getting them to lie side by 
aide, and having brought all the ends into a line by 
pushing ihein againit some straight body, he places 
tiiem first upon the mill to form the points, and after- 
wards upon the stone to smooth them, giving lo the 
whole series, by a peculiar action of the fingers, a sort 
of revolution, by means of which the pointing is effected 
widi a surprising degree of neatness and facility. This 
operation, from the slovenly manner in which it was 
performed, used to be accounted particularly deleterious. 
" Than the men employed in grinding the points of 
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pins," says one account, " more wretched ohjeeUM 
nowhere to be found ; and no men ttould volunti 
endure the sufferings they undergo, together with tl 
forfeiture of tJieir lives in a few years, did not higb 
wages bribe them to the sacrifice. The evil arises ftma 
the quantity of brass dust which they inhale into the 
lungs, which brings on consumption, and which, by 
getting into their eyes, hkewise produces blindness," 
This appalling description may have had its realisatioQ 
in some of the old manufactories, where the atones mie 
low, the workmen and their rooms filthy, and the litter 
ill-ventilated : at present there is certainly no necessity 
from the employment itself that the men abonld W 
sufier ; nor do they in respectable eslabhshmenta. lb 
Elliot's invention, now so generally known to dry-grii»d> 
era, or the raising of the mill, so that the workman ratha 
ilaitda before than »iU over the stone, alike obviate ill 
serious objections to this work. The writer of ddl 
article, on going into the mill room of a Birmingham |an- 
maker, and seeing two or three clean, good-lookiag 
pointers at work, remarked to them that the sallow com^ 
plexions and green hair, ssld to be peculiar to somerf 
the artizans employed in the trades of the town, were 
difficult to be met with now: one of the men imme- 
diately repUed, that if the men who work in brui did 
present such appearances, they owed the evila to duir 
want of cleanhness. Most of the operations comieeted 
with brass or copper- working are reckoned to be, in 
some degree, injurious to the health of the persons 
employed. Dr. Thackrah, in a curious work on " The 
Effects of the principal Arte, Trades, &c. on Health and 
Longevity," remarks, that brass- foimdera suffer from 
the inhalation of the volatilised metaL In the founding 
of yellout brass, in particular, tlie evolution of oxide of 
zinc is very great : the workmen seldom reach forty 
years of age. According to the same authority, copper- 
smiths are considerably affected by the fine scales which 
rise from the imperfectly volatilised metal, and by the 
fumes of the " spelter," or solder of braae. The n 
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«re generally unheillhjf, mSerinf; disorders timiUr to 
Aose of brass-founderB. In both cues, however, lem- 
peranee and cleanlincM tend to produc 
to the general result. 

The pieces of wire having, by the method above de- 
scribed, heen pointed at both ends, the next operation 
IB cutting thetn up intA pins : this is done by placing 
llie esds of a fen dozens of them in a smaU box or 
measure, against the outer edge of which one of the 
diaps of B pair of large shears is made lo work, as a 
puge for cutting them exactly of the required length. 
The leverage of the arm of the shears is increased by 
die appendage of an iron Glirrup in which the workman 
places his foot, and by means of which he presently 
ditqis the pins off both ends of (he little bundles of wire, 
which are now ready for pointing again, and afterwards 
ratting up ; and these operations are repeated, until 
K last only two pins, with a little bit between them, 
-lemain to be severed. The pins are now ready for 
leading. 

The heading- wire, having been first drawn to a size 
mfEdently fine for the purpose, is coiled or spun by a 

y simple operation. A light lathe, or even an ordi- 
nary jersey spinning-wheel (jfj, 89.)j '■ made 
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motion to n spindle, in the centre of which is futenei 
a piece of stiff vnre A, colled the mould, of the thick- 
ness of the pin, and about forty inches in length; toi 
small projection on the end of the spindle the heidiD|- 
wire is faetened — hath wires passing also through tvo 
little loops or staples in a bit of wood, which the opet- 
«tor, generally a female, holds in her left hand to regu- 
late the winding, while, with her right, she trnm ite 
wheel B, By this means, revolution being cominil- 
nicaied from the «pindle to the mould.wire, the bead- 
ing-wire C, being very soft, is closely wrapped npoD it, 
almost from end to end ; and the cull, when ecmjiati, 
easily slides off. A workman then taking six at eight 
of these coiled pieces in his fingers, cuts them np mlh 
a pair of fixed sheari into two bouts or three botlBj 
according to the sort intended. This dehcate opemtiiili 
he performa without any gauge except one of his fingat) 
and with an adroltneES which never fails to surprise ■ 
stranger: such, indeed, is the delicacy and certainty Of 
touch required by long practice, that without seeing fiw 
ends of the wire he can instantly detect the slij^teit 
mistake ; and at the same time willi so great celetity i) 
the work performed that one man will cut 18,000 heailJ 
in a day. The heads in this stale are annealed, bf 
heating them until red-hot in an iron ladle. 

Heading the pins is performed altogether by women 
and children ; and when the work is done in a commoli 
manner, they use for the purpose a machine of the 
most simple construction, and probably difibring link, 
if at all, irom that used at the commencement of the 
trade, The old method of heading consists in gathering 
upon the shank one of the Ultle coils of wire above d&- 
Bcrilted, and then, placing it in a small steel die sunk to 
half the size of die head, another dje similarly sunk i> 
eufiered to drop upon it, hy which the coil becomes 
firmly dosed upon, and forms the head of the pin, 
which, during this operation, is held horizontally be- 
tween the finger and thumb. The upper die is attached 
to the lower end of a piece of iron having a weight cast 
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pon it, and two crosc-pieces perfonted it the ends, lo 
I to slide op BDd dawn two tiprighl rods, and thus 
rase the upper die to drop slnayH exactly over the 
iwer one: this wei^ted piece is lifted by meani of a 
lort lever fixed over the frame, and connected by ■ 
ring with a treadle below. Headi formed by this 
lethod are readily distioguislisble by beinj; conipresied 
1 the oppoaile ndes ; Bometimes, so as to form a aharp 
Ige between tbcm ; and also liy appearing and feeling 
lugh at the top. The " patent heads," which are free 
vn all these defects, are closed upon the pin while in 
vertical position ; the sbank passing tTirough a bole 
I Ae centre of the lower die, while the stroke from the 
ppertiot oidy moulds and fastena the head, but rendera 
le top smooth and round. The annexed is a lepie- 
aitalion of the modern fly for heading pins. (Fig. QO.) 
!■;„ an A is a short aquare bar of 

iron, with a metal bulb 
weight, having the die at 
the lower end ; B is the 
pillar of cast iron, with iti 
guides a p, through which 
[he vertical bar passeg; C 
the lever, connected with the 
■ - ,_ treadle D, for the purpose of 

f1 I [ 11 raising the bar; E theiland- 

I J 1 II '"^ ^^' ^° "'"""^ '■^^ ^^- 

I ^^p^ 1^^ ficulty which might exist in 

I . ^— _1 o picking the pin out of this 

f JL"**--^ ^^ die after the head has been 
^^^ LsS^ formed, there ia in the lower 

irt of it a spring just sufficient to elevnte the pin about 
le third of ito length above the surface of the die ; 
ia contrivance, while it neither injures the point of the 
n nor impedes the stroke, prevents it from dropping 
rough the head, and afterwards rendera the removal 
' Ae pin perfectly easy. Pins are headed with a glo. 
e of tin or type metal ; for this method Mr. Harris 
tiined a patent in 1787 : very few pina of this sort. 




however, are now to be met with. ApinhasTeirUtdf j 
been introduced, the head of which is of one piece widl 
the shank : the alleged superiority of ihii pin is, diat 
(he head can never come off; an accident, bowcTer, 
which does not happen to one in a thouEant) of those of 
the best kind headed by the common method. This 
"solid head" is produced by placing a number of 
wires previouEly pointed in the feeder of the pin-making 
machine : one drops in, is firmly seized, and, by meana 
of a pair of dies, a portion of the metal is forced up 
into a smull bulb ; by a very I)eautiful movement it ii 
passed into another, when a small horizontal hammer 
gives it a smart tap, and thus completes the bead. 

The most ingenious contrivance, however, connected 
with the manufacture of pins, ever exhibited, u ifae 
machinery for which Mr. L. W, Wright, of WeUdOM* 
square, obtained a patent in 1824. It would beini] 
tible, without the aid of numerous figures, to i ' 
even imperfectly, so complex an engine ; but some idea 
may be formed of the mechanical skill and perfection of 
workmanship emplayed, when it is stated that all the 
diversified and delicate operations which have heen 
already described, as Illustrating, in a striking manner, 
the advantages of an extensive division of labour, may 
be performed by this machine without any manual ii- 
Hislance whatever. By merely giving a rotatory motiou 
to the principal axle, the wire is drawn off a reel by ■ 
pair of pincers, and straightened in its passage between 
pins: to the axle eight cams are attached, moving wi 
equal number of slides and levers, that work the different 
parts of the machine. The wire having been drawn 
down to the length required, the pin is cut off, and 
caught by two " carriers," wliich present it to two cir- 
cular mills in succession. When the pointing is com- 
plete, another " carrier " takes it forward to the heading 
die, out of which, when finished, it is piuhed by meana 
of a spring, and drops into a receptacle below. Many 
sttaogers from the country visit Mr. Wright's machine 
as one of the curiosities of the metropolis, and it it 
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rtally a Bight wonh weing. It was Iitely stated in the 
Ipablie prints, ttiat if llie establiahmeiit in Wellclose- 
{■quare were it full work, it would equal the cansump- 
kian of the whole kingdom, estimaled at sn cipendituce 
[or 16,000,000 pitiB per day. 

I WheD tbe pius are headed, and otherwiK finislied, 
(they require to be whitened, which i! a superficial sort 
lef tiDluDg, and ia tbiu perfarmed : — About twenty 
IpWndi weight of pins are put into a scouring barrel, 
land with them about twice that weight of grain tin, 
^Sre or six ounces of red argol, or cream of tartar, and 
|three gallons of warm water ; the barrel, which is fixed 
Ion an axis, ia then turned about until the pint appear 
|perfectly dean. They are sometimes after this dipped, 
p cnllender full logeiher, in a solution of blue vitriol, 
'which gives them a cast of copper. They are finally 
I whitened, by being placed in layers, alternately with 
Igrun tin, in a copper vessel, containing water laturated 
irilh cream of tartar, and made to boil for an hour: 
diii operation ia repeated once or twice ; the pins between 
twiling being cast into clean cold water. When 
■offidently tinned they are thrown into hot bran until 
quite dry ; after which the bran is separated by win- 
nowing, and the plus, collected in bowls, are ready for 
papering. The papers arc channelled by a sort of 
orimping irons, and the pins are taken from the bowl 
by meana of a comb, which places all the heads in one 
direction, after which tliey are puahed through the 
JiBper with great expedition, a little iron lever being 
used for this purpose. Women and children are em- 
ployed in thia work. 
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Br the appellation " precious metals," is comtnonly 
onilerstood gold and silver, the two malleable minersl 
aubatances which were probably first aubjectiifi to the 
use or adornment of mankind through the agenoy of 
flre, and which have been held in supreme esciniatioa 
from the very earliest era of which we have any i«eardi 
in sacred or profane history, to the present time. The 
origin of the uses of gold and silver, however, oa^l, 
probably, to be referred leoa to any loiowledge or ap- 
precialion of the superior purity of theae mctais aa com- 
pared with others, than to the fact that tliey mnst have 
presented theoiaclves under circumstances more favour- 
able to the operations of the infant art of metallurgy 
than either copper or iron ; both these latter being 
found, for the most part, in matrices exceedingly in- 
tractable to the smelter. It has been supposed H 
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predouE raeUls were first known to maakinil fn the 
eutem parts of Asia and in Egjpt, — or, perhaps, in 
tile region watered by the Euphrates, which is usuallj 
taken to be the Piaon of Scripture, the river " tiiat en- 
OMupasseth the wliole land of Havilah, where there is 
gold; and the f;old of that land is good." In the Mo- 
taic history, even from the time of Abraham, the pro- 
genitor of the Jewish people, and according to the 
tesdmonj of profahe hlEtorianx, noticct occur of the use 
of die precious metals, in the first instance, as money 
ptsnng by weight, and, presently, for the purpoEos of 
perionsl ornament. There are also extant, remains which 
prove that these metals, especially gold, entered into the 
fhbiication of implements similar to these which are 
now commonly made of iron or steel. To the cireu. 
Ulion of gold and silver in exchange for various com- 
inoUitieB, and its application in aitoming the persons of 
iu possessors, succeeded its manufacture into sacred and 
oih«r utenetla. It appears from the accounts given in 
the book of Kings, that in the time of Solomon, the 
metallic trensurea brought by the king's ships from 
Ophtr, and amassed at Jerusalem, were exceedingly 
great : not only were all the sacred vessels of the Tem- 
ple of pure gold, but the covering of the House of 
Lebanon, of the altar, and of the throne, were of the 
best gold — " none were of silver, for that was nothing 
accounted of in the days of Solomon," — for, it is em. 
pbatically added, " the king made silver to be ai 
in Jerusalem.' 

Herodotus and Diodorus have left accounts, from 
which we learn that the treasures of gold and silver 
eollecled by the sovereigns of Assyria and Persia, 1 
no ways inferior (o those possessed by king Solomon ; 
for, notwithstanding that many of the stories of these 
■Qtbora are evidently fabulous, the general fact of the 
existence of immense treasures in the countries and at 
tiie times to which they refer, has n^er been doubted, 
but is, indeed, rather corroborated by coincident noticei 
of the subsequent dispersion of tliese stores, in Greece 
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the large unount of the precious metab v 
exiiting in the several states, appears to have b 
the handfl of a greater number of individuals. J 
wealth of Crcesus has passed into a proverb, thodj 
precise account of the extent of his riches haa j 
transmitted to us: he issaidj however, at one o~ 
ID the temple of Delphi, to have presenUd J 
amounting to near 8,D0fl,D00A sterling of otir m 
The Romnn conquests brought into the treasury q 
luetropolis enormouB levies of metaUic mone; aa n 
of plate; and, as the empire extended, and drew tc 
its centre the riches of the then known it 
vate fortunes of individuali appear, in many ii 
to have swelled lo almost incredihle a 
80, indeed, that Crasaus, who certainly seema b 
made the most of his money, and who had silver it 
of his own, is reported to have said, "that no TDin 
conld be accounted rich who was not able to maintain 
an army out of his own revenues." To say nothing of 
the wealth of individuals, it may be remarked thal^ 
when the Romish hierarchy was in the zenith of iu splen* 
(lour, a vast amount of gold and silver was expended to 
the furniture of the temples of religion. During the 
middle ages, this munificence of the church stimulated 
the goldsmiths to undertake the most exquisite world in 
the precious metals; such, indeed, as, in the oinoiati 
of the author of a curious work, entitled " Morea Ct" 
tholici," where many of them are enumerated, tbe 
moderns have been unable to equal or excel. In the 
very first ^e of the church we read of golden candle- 
sticks; and, at the close of the third century, then 
were, in the sacred edifices, many ornaments of goId< 
A great variety of votive gifts were presented, in wluch 
the skill of the artist, however strangely directed, viad 
with the piety of the donor : some of ^ese were nwk 
sive, as others were elaborate. For instance, Boemond, 
• Christian prince, having been caught during the cru- 
sades by the Saracens, and thrown into a dungeon, 
loaded with chtuns, made a vow to God that, if, bj the , 



■DiAr> xviL BDBRANoea oontainiito c 

help of his grace. Btid the iotarcesBion of St, 
be Ehnulcl recover his liberty, he voulil gi 
church of that catnt at Limoges, and would attach 
its altar a cliain of silver of the Mme Height a« that 
frith which he nas then bound in prison : which vou> 
he Bccomplifihed. Celebrated in Catholic lore wua also 
ihe more tasteful gift of the prince of Condr, nho, 
having been long confined aa a etale prisoner in Vin> 
•ennea, made an oflfering to the church of ouf lady at 
Lotelto of a model of that easde in eolid silver. Claude 
Pleury gives the prodigious value of the dilFerent ob- 
ject* presented, such aa golden chalices, lamps, vensen, 
and images of our Saviour and saints, besides houses, 
lands, and inoney. 

Of the places from,and methods by which the ancient* 
obtained and exchanged gold and sUver, the extent of 
the primitive and subsequent mining operations, and the 
nrculadon and uses of those materials during the middle 
ages, — It^ther with accounts of all the more recent 
trtasactiDUg relative to thin important subject, the reader 
may find ample and satisfactory details in the interesting 
worh of Mr. Jacob, entitled, " An Historical Enquiry 
into the Production and Consumption of the Precious 
Uelali." The correctness of some of the statistical and 
conjectural details of these volumes, has, indeed, been 
qtiMtioned by Mr. M'CuIloch; but, whatever differ- 
Hlces of opinion may be entertained on matters with 
reference to which only imperfect data for judgment can 
be ofautned, Mr. Jacob has certainly collected and ex- 
hibited, in an attractive and instructive point of view, 
whatever could bear upon the subject. 

Gold is always found in what is termed the native 
ftite, and it does not appear under a great diversity of 
circumstances. It is found massive in quartz lodes; 
diMeminaled through the ores of iron, lead, and copper, 
■ad in films and strings, running through some primary 
tDcki. It is sometimes crystallised ; but crystalline 
■pedmena are very rare. The largest quantities of gold 
l^K olway* been found in altuTial dii&t, ind ' ' 
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beds of rivers, where it probabl; first i 
atlentioii of mankind. 

The gengraphicsl dislribution of gold extends tl; 
every portion of the fuui quarters of the globe. 
Siberian gold depoeits and mines have been worked ante 
the time of the Scythians, and are very productive at^ 
present time. In Europe, ilie principal aurifenmi 
localities are Hungary, Transylvania, Germany, Sweden, 
and France. In the last-named country, althongh con- 
aiderahle quandties have been obtained since the dii- 
covery of the mines in 1781, the result, on the whole, 
has not been such as to lead to a profitable contijniinm 
of the operations. Small quantities of the deep yellow 
variety have occaGionatly been picked up in Cornwall 
from the earliest times : and in the reigns of Edward I. 
and III., there were very considerable worka at ClMlb- 
martin, in Devonshire: between 300 and 400 mineit, 
sent for out of Derbyshire, were employed in them ; and 
the produce was so considerable as to assist the Black 
Prince in his wars against France. In the reign of 
Henry III., a copper mine, which was worked at New- 
lands, in Cumberland, is said to have contained veini of 
gold as well as of silver. The patent rolls in the 
Tower record several grants, made by the sovereign to 
individuals, of pnvil^e to search for gold and silver. 
1*1 1390, Richard 11. granted to John Younge, refineTj 
all the gold and stiver found in any mine in England, 
paying to the crown a ninth pari, to the church a tenth, 
and to the lord of the soil a thirteenth part. It mj 
be here mentioned, as indicative of the spirit of occult 
philosophy which prevailed in those times, that in 1444 
a patent was granted U> John Cobbe, " that, by the nt 
of philosophy, he might transform imperfect metals from 
their own proper nature, and transmute them into |iiM 
or silver." Pennant says, " In the reigns of James IV. 
and V. of Scotland, vast wealth was procured in Ae 
Lead Hills, from the gold found in the sands wsifaecl 
from the mountains ; in the reign of the latter, not lest 
than to the value of 300,000i. aterling." In another 



OBAP. XTii. roaaan aout mvem. S55 

tocality, the Scotch explorers, ne are told, found a piece 
of thirty ounces weight : there were trorks in several 
places, but these, if not exhausted, have long been 
■bandoDed, the cost of obtaining it very far exceeding 
the Talue of the gold found.' About the yeiw 1796i 
cMBiderable excitement was produced in Great firitaiD 
by the discovery of some spectmens of native gold in 
the countf of Wickbiv, in Ireland ; and meud to the 
nine of 10,000/. nas obtained; but the cost of the 
labour is said to have exceeded that soiu. In Asia, 
not to mention other situations, the gold mines of Siberia, 
those in several partE of India, Japan, the Philippine 
iiUods, Sumatra, and Borneo, have long been famout. 
In Africa, there are numerous localities, described hj 
Iravcllers, and known in the transactions of commerce, 
M affording gold, chiefly in powder, spangles, or stnall 
tempB. Guinea, on the south-west side, is known by 
the appellation of " Gold Coast ; " on account, as is said, 
flf the great quantities of the metal found there. Ame- 
rica is eace^Hgly rich in gold, particularly Brazil, 
Chocs, Chili, and Mexico : many of the rivers, especially 
those of the Caraccsa, are known to be auriferous. 
Rom these and other sources, meroorable in Spanish 
bistoty, a vast inBus of gold has been drawn into 
Europe within the last tliree centuries. 

The commcn method of obtaining gold, consists in 
eoDecCing the grains or small particles from the beds of 
rivers, and the debris of the mountains, in which the 
gold had been deposited before those hills were lifted 
above the ocean by which they were covered. Amongst 
the BiOre pnmitive methods of collecting gold, in some 
the skins of animals are laid in the water 
by the American Indians, and these retain the 
1 particles. It ha« been supposed that the fable 
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of tlie "golden fleece," so well known in dassiul in 
thology, had reference lo ihU practice. The Braiilins 
used for tliis purpose the blankets which, on the opening 
of the trade to that coUDtry Eome yean ago, were 
out by the tnerchantB of Great Britain. The iawoi, W 
gold nashingB of GeiHea Minaa, or gold disCriU li 
Brazil, are minutely described by Dr. Walsh, ' ' 
vUited them in 18^9. Gold, he eayH, was tirst km 
to exist in the coimtry so early as tbe year 1 543 ; the 
Indians made their fishing hooks of it, and from then 
it was discovered chat go]<l was to be found iu the bed! 
of Etreama, brought down from the mounlaint. But tbe 
first ore found by a while man in that country wu in 
tbe year 1693 : this discovery led to the colonisation o( 
the Minas Geraea, and to all those evils resulting fhnn I 
the "cursed lust of gold," with detwls of which the I 
history of South America abounds. Dr. Walsh men- 
tions that, at a very early period, " two parties niEetiDg 
on the banks of the river, where 6. Jos^ was afterwards J 
built, instead of agreeing in iheir objects, and puisuiif | 
logetlier Iheir operations, set upon each other IHu 
famished tigers, impelled by a hunger still more fleroe 
— the auri sacra fames. A bloody encounter enmed, 
in which many were killed on both sides, and the 
river was from thenceforth called the Rio das Mortea, 
or the Rivet of Deaths. " The vicinity of this rivet," 
proceedaour authority, " everywhere attests the esietudve ■ 
search for gold formerly pursued here, as it was, ibr a 
length of time, considered one of tbe richest parU of 
Brazil, from the profusion of the precious metal foVDd 
on its surface. All the bants of the atream are funoM 
out in a moat extraordinary manner, so as to be lltth 
gether unaccountable b> one unacquainted with dM 
cause. The whole of the vegetable mould waawtdieil 
away, and nothing remained but a red earth, cut inU 
uquaie channels, like troughs, with a narrow ridge Is- i 
terposed between them. Above was conducted a bead 
stream of wB,ler, \sX down through these troughs, wllidl 
were oU on an mcUTiei ^\ine. TToa ''o^vs ^[«rta of 
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day were washed away, and the gold remained 
lehind." 

I The operation of collecting the precious particles is 
ieaeribed by Dr. Walsh, as he saw it practised in the 
roiks of B. gentleman, by whom he had been invited 
BT the purpose. " At the bottom of a very long, shai- 
)ir, and sloping trench, with a 6Bt floor and perpen- 
tenlar sides, were laid green grass sods. Un touie oc- 
s, English blankets have been uaetl ; and, oa 
then, hides, with the hair uppermost : but sods were 
mud, from experience, to be the besL At the head of 
tren^ wss a large watercourse. The former col- 
ons trom the eascalho were placed here, and the 
!r being turned through it, it dissolved the mass, 
carried down the whole of iL The lighter part* 
rere borne away, hut the heavier lubsided into the 
[raas, which entan);Ied the particles of gold ; and so it 
'a the slate in which it was first found in the 
rj, when, by a similar process, it was washed 
from the auriferous serra». The leaves and roots 
F the grass we saw were covered with a yellow and 
lack deposit; the first gold dust, the latter emieril, or 
XJde of iron, a substance which always accompanies it. 
! the long trench was a pool, in which stood eight 
Degroes, each holding in his hand a round flat 
jsh. These diihes are of three sizes anil names ; the 
It, a gamells, a very spacious bowl, eight or nine feet 
drcumference ; the second, smaller, and called ca- 
mnbeia ; the third, called bates, of a size between 
bth, and in the shape of a flat cone. 

'A quantity of the impregnated sods was raised in 
gameiia by negro boya, and set down before the 
] in the pool. They look a poriion of them, and 
Jig it in the caritmbfia, they dipped it into the water, 
ling it dexterously from side to side, and separating 
leaves and fibres of the grass, which were cairied 
ly by the water with the lighter parts of the clay, 
, in a short time, nothing remained hulVne ^tAiani. 
frff Mt tie bottom, exhibiting doudeii «\ia«i)n ui 
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black and yellow. When a guantitj' of this nnpoR 
raisCure wa£ thus collected, it was laid in the ba(Ni,*nd 
here it was dexterouEly moved from side to Eide in a 
constant ablution of fresh water, till the eameiU »1« 
paaaed off, and the heavier gold dust remuned alone in 
the point of the cone. The whole of this wax flnsllf 
deposited in a large copper skillet, placed OTer a fire on 
the spot, and stirred till all the water was evaporatcdi 
and nothing remained hut dry gold dusi, in genml of 
exceedingly minute psrticleB, but frequently appearing 
in small globules, some as large as a grain of BmaUshcl. I 
In thiE state a magnet was passed through it, to wbidi ' 
the particles of iron, still mixed with the gold, adbet«d; 
and this was continued till the whole was abttncted. 
Sometimes a more scientific process is resorted to. Tbt 
mixture of dust ia put into a bowl, and two ounces of 
mercury added to two pounds of gold and oxide. This 
mass ia trorked by the hand into a dough, when the 
mercury takes up the gold only, which is merely en- 
tangled, hut not amalgamated with it. It is then put 
into a cloth, and a portion of the mercury squeezed out ; 
the remainder is set in a brass vessel over a fire, and 
covered with green leaves, which are removed as they 
become parched. They exhibit small globulei of the 
mercury on the surface. What remuns in the vessel 
is pure gold." 

The quantity collected at this "harvest-home" of 
gold, as the doctor terms it, was about four pound- 
weight, which, at 41. the ounce, would give 900/. stei 
Jing ; apparently a rich, but, as the writer justly asserts 
in reality a very unprofitable and ruinous mode o: 
farming. " The proprietor had seven or eight blacks, 
daily employed, for 300 days, collecting the cascalluf, 
whom he first bought, and then fed, clothed, and sup- 
ported, which left, in the end, hut little or no real 
profit. But by far the most injurious effect wis that 
produced on his farm. As we passed through it," 
proceeds the traveller, " for several hundred acres ewry 
thing green bid disappeared, and left behind ■ re^ 
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dttett, of the rnott u-kmine tod Wren aspct, <in nhirti 
nothing hereafter would be found to grow in any girm 
period, an no new soil is formed, and the oUt workingt 
appeal aa recent as those from which the ve)^lable 
mould had been wuhed but yesterday ; and ihui, in 
extracting the gold from his farm, the proprietor hail 
extracted along with it every particle of productive 
ridicB also." Such is the aspect, in general, of thoat^ 
t^ons where the search for the precioua metal* it 
euriied on, whether hy washing the diluvial depoaiti, or 
by mbterranean excavations : to the evil in the latter 
cue has to be added the immense waste of negro life, 
M the auriferous soils, in most tropical climates, arv 
peculiarly unhealthy. To the sterility produce<l ao 
generally, it would «eem there are some exceptions, for 
a traveUer who, only a few years ago, publishetl an 
account of South America, says, — "It is usually ob- 
•erved in those countries where great mineral riehea 
exist, that tlie soil is of a barren and unproductive 
natuie ; but ChiU affords a striking solitary exception 
to this rule. Streams, abounding in gold, wander 
through the most luxuriant com-Heids, and the farmer 
and the miner hold converse together on their banks." 

Gold, when finely disseminated through qnarlz or any 
other substance, is separated by n process of amalgama- 
tion. Mercury is mixed with the mass, and the 
affinity of the two metals is so great, that they readily 
combine, farming an amalgam. The fluid mercury Is 
■Dechanically separated, while the combined mercury 
is aeparated by the application of heat in tetarl* or 
crucibles, to nhich tubes are attached for the purpose of 
collecting and condensing the volatilized mercury. 

The gold is then melted : the furnaces are heated with 
charcoal, and the contents of the crucibles are poured 
Into iron ingot moulds, holding about 33 pounda of the 
metal. Very pure gold runs in about three houra ; but 
when it contains more foreign admixture, it ia propor- 
tionately refractory in the furnace, 
., A A 4 
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It must not be forgotten that ibodium gold cimtuiH 
^m 34 to 43 per cent, of gold ; and the graphic (A- 
' Ituiuin from TraoBylvania givCB the following teanlu 
upon analyEis : — 



Gold IB afterwards puritied by being Bubmitleil to tbt 
proceaaea of cupellation, parting, and quartation ; by thi 
forniet process the refiner gets <iuit of every partide 
of lead or other inferior metallic alloys, and by the 
latter eeparates any portion of silver which might 
remain intermixed with the gold. The cupel. In which 
the first opeifttion is performed, and which la so called 
from its resemblance to a little cup, is composed of 
calcined bones, or in some cases with an intermixture of 
fern ashes : a vessel formed of these matters, by elighll; 
rooUtening them, and forming the cupel by means of ■ 
mould, not only resists the action of &e most vehement 
fire, but absorbs metallic bodies when changed by beat 
into a fluid scoria, while it retains them so long at they 
continue in a metallic stale. In a small vessel of this 
description, placed withinside a. sort of bent perforated 
tile made of crucible earth, and surrounded with an 
intense charcoal fire, the gold, in Uttle buttons, is cub- 
jected to the heaL As the heat is continued, and the 
process goes on, a various-coluured skin, consisting of 
the scoria of the lead or other metals present, rues to 
the top, which, liquefying, runs to the sides, and is 
absorbed by t\ie cu^\, Ita* o'^mb.'lvki v 
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sudden Inminoiii Bppeirinor of die mm IB 
I thowB that ihe list imiaiiun^ pwtiaB «f inferior 
alloy has been given out. An, Lowrrer, lb« f/M BUjr 
yet retain some portion of ■ilrn', wUdi, Iwhig nearhr 
■a difficult of oxidation «i the aum preciou* mrt^ b 
Bot thrown off in ibe cupel, the maaa ii aexl aiilijiiflrf 
-to ibe process called parting, wbich <>Duai<Is in r» 
dneing il to the itaie of ray thin plate* by nUlag] 
-these being cut into email piereE, artr dignited ia bot 
diluted nitric add, which diauFWei ll>e nlvrr, IcarinK 
the gold in an nndiatolred poroua iTtav. Thii roune ia 
adequate lo the attainment of the required degree at 
purity, when the amount of silrer it to ronaideraUe in 
proportion lo the gold aa tfaorou^y to expote il to the 
action of the acid ; but when the alloy of atlver ia itry 
'inconsiderable, a prerious coune i> adopted, ihu ttt 
quartalion, so called, becaote the miitare la cotnpoMd 
of three pans of silver and one of gold, which, on being 
laminated and digeited in the acid, expoaca every par- 
tion t>f the gold lo the effect of the aepwating nien> 
■tmum. In some casn, the two melala are melted to* 

.gether, and Eulpbur beiDg thrown in combinei with ttlt 
.lilver, the gold falling to the bottom. Bergman ra- 
cammended to dissolve the maai in nilro-muiialic idd, 
by which the silver would l>e depoiiled in the form rf 
«n insoluble muriate, and the gold would fall in a fine 
powder by the action of ihe sulphate of iron. 

Gold is one of the most fixed and apparently inrar- 
raptible of bodies, being alraost incapable of oxidation 
by heat or saline exposure^ Boerhaave informs us that 
an ounce of it was placed in a glass furnace for two 
months without the loss of a lingle grain. It yields, 
however, like all substances, to tlie solar rays coUected 
Bid concentrated by the burning glass, not only rising 
in vapour, but becoming covered with a violet-coloured 
ritreous oxide. Gold, when refined from all impurities 
and alloys of inferior melsls, is denominated pure, or 
gold of 2i carats, this being the standard of purity te- 

jsogoised by the mint ws$ter and bv the deaiets Va (q\&. 
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In reality, however, there is no gold so yery pore bat 
that it wanls abont a quarter of a carat of tbis standud. 
The carat it divided into \, \, 3'^, and ^. These de- 
grees serre to dialinguiah ihe greater or less quantity rf 
alloy therein contained : for instance, gold of 22 csran 
has two parts of Eilver, or one part of dUer and one t! 
copper and i^ of fine gold : that of 23 carats has half 1 
part, or half a twenty -four tli of eaeb. 

The discovery of gold in the valley of the Sactt- 
mento, California, and in other parts of the %erra Ne> 
vada, has within the past few years been the caute of 
inducing the flow of a great tide of emigration west- 
ward. Men, weary of labour by which their dailj 
bread was earned with difficulty on the shares of the 
Atlantic, have rushed to the golden harvest they were 
promised on the verge of the Pacific Oc«an. Nor were 
they disappointed. Enormous quantities of gold luTe 
been obtained, the largest portion of which hu readied 
this country, either directly from California, or by the 
channel of the United States. This auriferous diaeoTery 
was of such great importance to the United States, tlist 
the government at once inaljtuted a scientific inquiry, 
and professor Blake was deputed to examine the country. 
From his elaborate report we extract a fen interesting 
and instructive details. Speaking of the geological cha- 
racter of California, he says : — 

" With the exception of the diluvial strata, the whole 
geological formation of the Sierra range consists of 
igneous and metamorphic rocks. The former m 
mostly porphyritic in the lower bills, whilst higher up 
tracbytic rocks are moie frequently met with. 

" T be metamorphic rocks consist of micaceous schists, 
slates both lalcose and micaceous, metamorphic sand- 
stones and limestones, with occasional beds of conglo- 
merate. The stratified rocks have been much dis- 
placed ; it is rare to find them with a dip of less tbtn 
70°, and they are generally very nearly perpendicniar. 
The strike of the beds ii " 

IS have been confined (betv 
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■ud Yiiba riverE) is extremely uniform, being from 5" 
ta 10° W. of N. snU E. of S. The exwnt of ibo 
dilnrial depositi U eamiaensurste, or nearly to, with 
that of the gold-bearing region, in thut port of ihe 
country which I have examined. They are found in a 
belt of land from thirty to sixty miles broad, and run- 
Ding peTEllel with the axis of the range ; and, fruia 
ttets that I have ascertained from others, I have no 
doubt but tljat they exist throughout all the gold-bear- 
ing region, both north and south. These diluvial de- 
{Knits are met with as we advance towarda the lower 
of the Sierra, extending freijuently aome miles 
.the plain. They are often of coneiderable thiclt- 
frequently reat on tertiary rock. On ap- 
the foot of the lower hilla, the conglomerate 
I are found in f^ater ahundanct', the pebbles 
Idera are larger, and contain more Oi tlie heavier 
They are seen also covering extensive valleys or 
'many miJes in extent, enclosed by low ridgea of 
and slate, which rise rather higher than the 
of these beds. 
" On ascending from the lower hiUs towards the 
motmlains, the dilnvial beds do longer occupy the same 
(dative position ; occasionally deposits of rounded stones 
can be found in the valleys and on the sides of the hills ; 
but when thiK is the case, their origin can always be 
tneed to deposits existing on the tops of the surround- 
ing hills, from which they have been brought down by 
the action of the causes now at work. As we ascend to- 
wards the axis of the chain, these depodls become more 
^tensive, and at a distance of twenty or thirty miles 
from the lower hills, they are found occupying tlie 
crests of almost all the highest ridgea in the country ; 
but besides being found on the crests of the ridges, 
where their extent frequently does not exceeed a few 
^rds in breadth, they are also met with covering in the 
extensive elevated flats which exist on the benches be- 
tween the different watercourses, forming c 
beds of aome miles in extent, which are rarely i) 
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rupted by the protrusion of any of the older I 
Where found in these elevateil HituatioDS, the ] 
hills and valleys nre entirely free from them ; 
quently a large section of the country will be enclosed 
from two high rldgei capped by depositSj and diverging 
from a common point ; in the intervening apace will be 
Men many secondary ridges, Bometiroea fifteen or 
eighteen hundred feet high, formed entirely of the 
older rocks, no traces of deposits being found on their 
Buiface, nor in the ravines that lead from tliem. The 
depth of these deposits is extremely variable. Some- 
timea nothing more than a trace of them in the preBenra 
of a few round pebbles tying tm the top of a ridge is 
found ; the valleys and ravines in the neighbourhood 
containing their disintegrated elements in considerable 
quantities. In other instancea, particularly where spread 
out over the elevated flats, they are of a moderate and 
pretty uniform thickness for a considerable distance, 
varying from two or three to a few inches, and this, lOOj 
in positions where the surface couid not Imve been ex« 
posed to any great amount of denudation. Thef an 
again found many hundred feet in thickness, compoaed 
of superimposed strata of different mineralogical cotuti-* 
tution, generally horizontal and CDnformable with etch 
Other." 

After en elaborate detail of some other purely geolo- 
gical conditions bearing but slightly on the gold queatJoUi 
professor Blake continues ; — 

" The strata, ai before observed, are nearly hori- 
Eontal and conformable. If they have any dip, it ap- 
pears to have been owing to the slope of the surface of 
the rock on which they were deposited ; in fact, DO 
displacement seems to have taken place in this country 
since the period of their formation. They lie per> 
fectly horizontal over the almost vertical edges of the 
upheaved slate rocks. Pieces of half-carbonteed wood 
and impressions of leaves are somelimea found in the 
clayey beds of these deposits ; and at Nevada, it is said 
that the trunk of a nee had been traced for some dia> 
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taiice in the cluy. st about forty feet beloir the surface. 
I h«ve ohlaiiieil specimens of wood, aiiil also imperfect 
impieseiona of learea, taken out Tour or five hundred 
feet below the surface of the ground, and three hundred 
and fifty feet from the side of tbe hJU at the same 
locality. 

" Tbe wood belongs lo one of the conifere ; but I 
ms anabte to determine the character of the leaves. 
A tooth, also, has been found in some of ihete depoaits. 
I have not seen it ; but from description it would appear 
to be a bicuspid belon^png to some large pachyderm. 
The imface of die roclc on which they repose genertlly 
presents evidence of considerable abrasion ; but 1 have 
been unable to detect any re^rular grooves in it. Where 
It u more elevated, it hae bci-n Itss worn, some of the 
edges of the slates being not much broken." 

More recently the discovery of gold in our Austra- 
kdan colonies has proiiuced a degree of excitement 
which has rarely been equalled. 'I'he first discovery 
WM roade in the ndghbnurhood of Sathuret; and a 
short time after the announcement of the enistence of 
gold in the colony of New South Wales proper, a still 
more amazing discovery was made in Victoria. 

til a despatch dated 35th of August, 1851, lieu- 
tenant-governor Latrobe comniunjcated to earl Grey 
that large auriferous deposits had been found in that 

■ The three jocalitiEs first named were Cluoe's Dig- 
gings, about forty miles from Melbourne, where the gold 
wsa found in an alluvial deposit, chiefly consisting of 
qnaili gravel ; at Boningong, or Ballarat, situated on 
the river Leigh, about seventy-five miles from Mel- 
bourne, and forty-five from Geelong, w.here the gold 
Wat sometimes imbedded in compact quartz ; and at 
Oeep Creek, only nineteen miles from the capital, where 
<he precious metal was found to exist in connection 
With slate rock. At Ballarat, from whence the grealest 
quantity of gold was obtained, the metal is found in 
lumps of various al/ea, Boineiimes in the superflciaJ soil. 
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but moTG generally scattered through three o 
cesBive strata, principal!; composed of cla; anil pvti, 
and occupying from 10 to 30 feel in depth. The 
richeEt deposits are, however, found in cerlaia miuS 
beds of blue clay, four or five incheE in thickness, 11)4 
Ijing almost immediateiy above a stratum of pipe-da]', 
in and beiov which no gold has been found. In id- 
dition to the above localities, gold was also found neU 
Geelong, at Mount Disappointment, in tile Pjrene**; 
and, finally, tlie people of Melbourne began to blelk 
up the streets, which were macadamised with quitO I 
pebbles obtained from the gold districts. By thia nne 
Melbourne and Geelong were almost emptied of thdr 
male inhabitants. The shopmen and day laboamt 
were the first to leave, and the supenor class of farum 
and tradesmen epet>dily followed, partly from sharii^ 
ttie same mania, and partly becanse, after losing ihetr 
lubordinatee, they could do nothing else. In come 
eases they placed themselves at the head of digging 
parties, consisting of thur dependants ; and in othen 
worked singly and with their own hands. 

At this time the public excitement became so great, 
thai it was fonnd impossible to retain the serricea of the 
government emphyia without an addition to their salaries 
of first S5, and subsequently ^0 per cent. In about a 
month after this a fresh gold-field was discovered in 
the range of Mount Alexander, on the east of the Lodden 
river, and about seventy miles north.weel of Md- 
boume, which shortly surpassed in richness not only 
the Uallarat diggings, but all ollieis which had \xea 
previously discovered. 

The whole stracture of Australian society now be- 
came completely disorganised. The numlier of ilig^n 
at BallaraC, which had previonsly risen to 6,000, were 
quickly reduced to about 1 ,f lOO, whilst the number at 
Mount Alexander soon amounted to 20,000, Frnm 
thia time gold began to be coQecied from all the vaiioiu 
streams flowing from the Mount Alexander r 
the Goulbum river, and throughout thp whole j 
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Omee country, by which the supply wag bo far in- 
CKtted, that gold loon arrived al the aea-porli at th« 
1 per weelc. At (he present moment 
Inan^ other localities have been dbcnvered ; and up to 
ihe receipts of the latSEt intelligence, the aupply of the 
piecious metal waa on the increase. 

The roost rottuiitte of diggers are undoubtedfy tht; 
Adelaide men, chiefly because a great many of them 
leamt the art and mysiery of mining in the South 
AuBtralian copper mines. I96 lbs. of gold were taken 
by an Adelaide party of three at Pegley Gully, Ben- 
djgOj and TO Ib^- 'weight at New Bendigo Flat, Forest 
" ' i 16lba. weight in Spring Flat, Forest Creek; 
Dlbi. weight in the lower part of Friar's Creek ; 
■iilbout twenty Adelaide men, who netted 30,000^. 
fal than a fortnight ! For the future these Ade- 
w TBiners will probably exert tbeir skill and ingenuity 
m the mineral ireMuret of their own province ; for we 
lee that a great many vessels were announced as leaving 
Melbourne for the Adeliude diggings. South Australia. 
Lai^ quantities of gold arrived at Melbonme within 
the first few days of September, and 400,000/. of specie 
were imported into the colony in the last week of 
August and the first week in September. The govem- 
nent escort from Bollarat brought to Melbourne and 
Geebng, on the 14lh of September, 4,627 01., and on 

■ " h the Victoria Escort Company brought 38,805 ox., 
maldiig a total of 43,43302. The most brilliant lest of 

'te continuity of the yield of the two grest goId-fieldE of 
Uount Alexander and BaUarat is given in a series of 
s published in the Melbourne Argus, em- 
bracing the period from October, 18^1, to the end of 
Aoguat, 1852. Tile following are the totals : October, 
J851. 18,482oz.; November, 60,87801.; December, 
l69,684oz.; January, 1859, 107,2l6oz.; February, 
lll,778oz.; March, 122,778 oz.; April, 133,112 oz.; 
May, 138,90tioz.; June, 162,99002.; Jiily,353,I82o».; 
and August, 3.50,968 oz. ; making, wilb the addition of 
Jn odd 40,000 oz. from «ome smaller places, an enoi- 
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[ moug toul of l,771,97-io(!., or between 73 and 

( of gold. Of course, this sUtement relates only 

^^^^ of the yield of the Victoria gold-fields. 
^^^^L The foUowing table will perhaps come near th 

^^H peld: — 



flctuallj shipped - - - - 
Amount deposited id iIie treasury and bnnka 
Amount paid into Adelaide Assay Office - 
Probable amount exported io private hands 



,240,5^8 

264,317 
337,S00 



le gold.fieMs, aod oi 



n tile hands of diggers a 



Grand toial of the yield of the Victoria gold-fielda at the 
end of August, 2,539,422 oz., or 105 tons lOcwts. Soi., 
of gold. 

We may here remark that the gold exported since 
October last represents a value of 8,8(i3,477i. ,-iand tU 
these accounts, ne are assured by the Melbourne Herald, 
are rather under than overstated. 

These astounding results have been obtained by un- 
skilled labourers working without either plan or concelL 
** Science," says the Argus, " has done little or nothing 
for us. Our processes for obtaining gold are of the rudest, 
Mrengtb and stupidity ; and," it adds, " that in all piobft* 
bility neither all the gold mines, nor the richest land 
which Australia contains have been discovered ; and 
that results, which it would now appear madness to 
mention in detail, will certainly be obtained nhcnevET 
concerted and systematic action, supported with aU the 
advantages of science and mechanical skill, shall be 
brought to bear on the boundk&s resources of our 
Australian gold-fields," 

With ihii increase of wealth, it must no ' 
that there has been an increased issue of specie, 
send to all parts of the world oitr coined money in n 
for the raw material which we receive. The Ebj 
sovereign rapidly takes the place of the Spanish 

where (hat coin alone circulated formerlji 
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From NoTember 1850 to June 1851^ the Bank of 
Eng^d inaed 9^500,000 soyereigns, being at the rate 
of 18,000^000 a year ; and so great is the demand for 
our gold coins, that the master of the mint informs us 
that betireen November 1851 and June 1852, there were 
coined at the mint 8^500,000 sovereigns and half-sove- 
reigns; and the rate of production can now scarcely 
keep pace with the increasing demand. This must 
have a material influence in maintaining that stability 
which is desirable in our standard of value. It may be 
interesting to know that from a very correct account 
kept at the Bank, when the light coin was called in in 
1842, that 12,000^000/. were received light, and that 
86,000,000/: still circulated of full weight; 40,000,000/. 
may therefore be regarded as the quantity of gold coin 
JDow (1858) in circulation, allowing from 8 to 4 per 
cent for the natural wear of the coin. 

The total coinage of 82 years ending 1847 was as 
follows: — 

Gold ... - 90,029,383 
Silver- ... 13,590,000 
Copper ... 248,000 

Total. 103,867,383 

From returns obtained ^m the Bank of England the 
following table has been constructed, which represents a 
very dose approsdmation to the value of our importation 
of gold : — 





1850. 


18S1. 


1852 to 
June 30. 


South America 
Africa - - • 
Russia .... 
Turkey - 
Caliibrnia 
Australia 
United States - 


£ 
287,000 

60,000 

237,000 

262,000 

700,000 


£ 

185,000 

28,000 

905,000 

140,000 

1,300,000 

40,000 

3,300,000 


£ 

33,000 

15,000 

90,000 

150,000 

1,100000 

2,600/100 

8,000/IQO 
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We have not yet an exact account of the qusntiSei 
gold imported in thcjast si\ months of IS52; but 
has not been lesa than ms milliona. 

The qnantity of gold employed in the ai-ts mtd man 
foclures it is very difficult to estimate. Mr. M'Cnlloe 
following Jacob's estimate as published in bis "Hiitoi 
of the Precious Metals/' ratimates the present anna 



conaumption in the ai 

The United Kingda 



\ fallows : — 



- i£3.500.000 



North America - - . . .500.000 
Making a total consumpdon of - £6,050,000 
From infomnation iritb which we have b?en n( 
obligiDgly furnished, ne learn that in Birmingham d 
leas than 1000 ounces of fine gold are uaed m 
week, and that the weekly conauRiptian of gold W 
some of'our large cities ia as follows : — 



Total - - 58' 
of which an eminent gold refiner informs u 
tenth part can be recovered. 

For gilding metals by the electrotype and ■ 
gilding processes, not leas than 10,000 otinfl" 
are required annually. One eslahlishment ii 
leries employs 3500/. worth of gold per o 
nearly 2000i. worth ia used by another. 1 
tumption of gold in die potteries of SlaiTord 
gliding porcelain and making crimson and 
varying from 7000 lo 10,000 ounces per m 
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ooiiRiRiption of gold and ritver in ParJE htt been fairly 
CstimBteil at I4,S5S,000 francs o-year. The wear upon 
gold coin in cirmlalion is about 4 per cent, per annum ; 
■nd fh>m this knonlntge and the foregoing details ne 
nuf deduce the fact that nearly S,0OO,O0Of. a year is 
> maintain the metallic currency at its 
*alue; therefore a supply of bftu'een 8,000,000/. 
■nd 9,000,000/. ia necessary for (he arts and manu- 
ftctures, and the purposes of coinage. 

Silver, in ore or other of ihe various forma under 
irtuch it occurs, is mueh more widely disseminated than 
gold. It difTen too from the latter metal in what may 
be called ita geographical habitat : it has been remarkeil, 
that the warmer regions of the globe afford the greatest 
qnsutity of gold, but the richest repositories of silver are 
rituated either in high latitudes or in elevated regions. 
The moat celebrated silver mines of Europe are in 
id Norway, at no great distance from the 
pdar regions ; and those which are in warmer latitudes, 
sre almost all situated near tiie summits of alpine 
mountains commonly rovered with snow, as at AUemont 
in France, and the mines of Mexico and Peru in the 
Oeuus of the Cordilleras. The region of the Pasco 

Peru is the most cheerlefia itnaginahle: si 
anudat perpetual snow, these mineral dungeons are ■■ 
to be exceedingly rich in masses of silver, hut the ii 
htbrity of the climale, and the constant influ: 

UH tiiem to be worked at a great expense of human 

8il*er is found, 1. in a native melallif! state ; aame- 
thnea in masses of very constderable wi'ighl. JamMon 
nratians that at Schnecberg in Saxony, a rich sllvar 
Mfai was discovered in 147S ; and so largn a Mogk qt 
mtive fiilver cut out, that duke Allien dnrendid taW 
and used this mass an a Isblp to ilina qHb 
It was afterwards smelted into n<.-uHy M.OOO Ik|, ' 
r. Other large massos have liccn at vurioiu ta« 
with by European mincrB, H. All ort id ^im 
~ with antimony is not uiicoiiunuB. & Ab*' 
U II » 
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niCttl bUvct ore. 4. Corneous, or bom silver, to called 
froiD Bome reBemblance wbich the mineral has been 
Euppoaetl to bear to burn. 5. Silver glance, or vilreoa* 
stiver ore, very common. 6. Black sulphuretted Eilvo 
ore, Beveral vatielies. 7. Hed silver ore. 8. White 
silver ore, resembling compact gnlena. 9- Carbonate 
of silver, rare. 10. Silver amalgamated with inercnry: 
this is found in a semifluid state in 8>reden and some 
other places. Beaidea the foregoing, the ores of variotu 
other metsU, parciculsrljr those of lead, are found to be 
argentiferous in a greater or lesser d^ree : this is tlw 
case with many of the lead ores of Great BritaiH] md 
others in ilitferent parts of Europe ; indeed, the oeeui- 
rence of leiid entirely free from silver ia accaunted im- 
common. Native silver is not only met with in maiM^ 
and variously crystalliied, but it frequently oecurl in 
patchei beautifully ramifying from a central deposit, or j 
extending in a filamentous and sometimes entangled webt 
According lo Herrera, the famous silver niines of the 
Cerro.de I'olosi, in Peru, owed (heir discovery in 1545 
to the incidental lighting upon a spray of the latter , 
character : an Indian hunter happening to pull up a 
shrub, found the roots intertwisted with filaments of 
pure silver, which turned out to be the shoots of an 
enormous mass of the metal. Xhe discovery made the 
spot the centre of a great population ; and for some 
years the production of the mines of Potosi was greater 
than had been before heard of in the world. Silver 
never occurs like granular gold, in alluvial soil, or in the 
beds of rivers. 

Africa, which produces abtmdance of gold, is scarcely 
known to contain silver mines, though in some parts of 
the continent, and more especially in the islands, the 
metal, as derived from other places, has been plentiful 
enough. An instance of almost unexampled prodigality 
in the waste of it in a ceremony of barbaric splendour, 
is related as having occurred on the interment of Radama, 
the late native king of Madagascar, His majesty ex- 
pired in a buililing called, from the immense quantity 
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of this precious metal with which it was plated and 
stadded, the stiver palace ; and the coffin in which he 
was finally deposited within the tomh, was 8 feet long^ 
3^ feet deep^ and the same in width, composed of silver 
plates and rivets^ to the making of which 12^000 Spa- 
nish dollars had been devoted : besides this, 10^000 hard 
doUars were laid in the silver coffin by way of cushion 
for the corpse. Into the grave was also thrown an 
immense quantity of rich articles, including the whole 
-superb sideboard of silver plate belonging to the de- 
ceased. 

Neither is Asia noted for producing silver, though 
there are some profitable and well-known mines. The 
silver is often adioyed with gold in various proportions 
of from 1^ to 3 per cent. Prodigious quantities of 
silver, however, have in different ages been drawn by 
commerce or by conquest into this quarter of the globe. 
It is bdieved there are silver mines in China ^ and 
argentiferous ores have of late years been discovered in 
Asiatic Russia. 

The most productive silver mines in the world are 
those of South America ; and New Spain, Peru, Mexico, 
and Potosi, as well as the names of some other places, 
have become terms almost synonymous with those used 
to signify precious metal, from the vast quantity of 
gold, and more especially of silver, which they have 
long yielded. According to Humboldt, the greater part 
of the silver extracted by mining in Peru, is found in a 
species of ore locally called pacos, of an earthy appear- 
ance : it is a brown oxide of iron, with silver dissemi- 
nated through its mass in exceedingly minute particles. 
The ore of Chili is similar ; and one vein of it has been 
mentioned as existing in the Andes, which hss been 
traced more than 90 miles, and is supposed to extend 
300 miles, having branches running in the a4joinlng 
mountains, some of which are known to be SO miles in 
length : it is considered to be the Urgcst metallic vein 
in the world. 

The Indians smelted th«r precious ores in a very 
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simple and inftrtificinl manner ; but since the intn 
tion of European settlers into the new world, the m 
operations have in many places heeu carried on 
order and skill ; and almost everywhere, a tnon 
of the more succeeaful methods of separatlDg the 
from its matrix obtains. ^Vhen the Sparuards mad 
couquest of Peru, thej) found the natives unacqiu 
with the use of mercury lor amalgamation : they c 
queutly reduced their silver ore by a primitive nic 
in small portable furnaceB ot cylindrical tubes of 
very broad, and pierced with a great number of 
In these the Indians placed layers of silver ore, g. 
and charcoal. Afler igniting the fuel, a current i 
was allowed to have access through the holes, ^ 
quickened the fire, and gave it the requisite deg 
intensity. The argentiferous masses by this meai 
tained, were carried by the natives lo their own col 
and there resmelted by means of a charcoal fire, e' 
by blowing through long copper tubes with the b 
in the manner of an ordinary blowpipe. 

In Europe, which so rarely produces gold, the 
tries where mines of silver are worked are enceei 
numerous. Among these may be mentioned F 
where the produce, however, is inconsiderable : t 
coBtaining the most ancient silver mines knot 
Europe, but mostly abandoned since the discovi 
America : in Germany, many districts yield silver 
in veins, ores, or argentiferous lead : in referet 
Bohemia and Hungary, the immense extent of the 
ing operations have often been celebraicd : the wc 
courses are mostly Bubterranean galleries, one of ' 
is said to be five miles in length. Sweden and Ni 
contain rich mines of silver, especially the latter coi 
Enormous masses of native silver have occasionalh 
found in the Koningsberg mines : travellers mentic 
piece as weighing 320lbs. ; a trifle, however, as 
pared with the immense block already noticed as h 
occurred in Saxony. 

Silver has been obtained in considerable quantit 
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I Grrat Briuin, and thai from an early period of onr hi«- 
tOT7 : Cicero, indeed, lells his friend Allicus, that there 

I wat Dot a scruple of silver in thewhole iitUnd, from wiiich 
we may perhaps safely Infer that the aboriginea weiv 

I Dot at that time acqusinted vi'uh the methods of obtaio- 
iDg it, but which methods, it is probable, they woidd 
toon learn from their conqueran, the Komana. At all 
e?eDta, wiihio about half a century Bfterwatds, Strabo 
loeDtiona silver as one of the mineral products of Britain ; 
and, according to some authorities, it was obtained in 
mffieient qiuntities to have been coined into money in 
Ac time of Augustus, This precious metal, however, 
W fordy met with in this country iu the state of any ore 
peculiar to it&elf, hut is mostly derived from the lead 
amelted in Cornwall, Devonshire, Northumberland, and 
Durham. Ilolinshed tells us that in the reign of £d- 
wanl 1. 1600 pounds weight of silver were obtained in 
^e course of three years from a mine in Devonshire, 
nd which, although called by old writera a silver mine, 
qipeais rather to have been a mine of lead that con- 
tiined silver. Chroniclers record that, in 1239, four 
plates of silver weighing 14- marks (112 ounces), got 
out of a mine in the bishopric of Durham, were delivered 
at Westminster by Robert de Crepping to tlie proper 
officer, to be made into images for the king, Henry HI. 
Scotland and Wales formerly produced argentiferous 
lead ore of considerable richness : gold, as well as lead 
containing mlver were, according to Buchanan, found in 
FeeUeshire, the latter in considerable quantities : the 
tnini of the ancient works are still pointed out as the 
"diver holes." The value of the lead ores containing 
»ilver, has been given in detail in the chapter devoted to 
the production and manufftclure of lead. 

The crown holds sn ancient right of claiming, under 
file deaignation of "royal mines," uU mineral veins con- 
taining the precious metals in any tonsideroblB quan- 
tities, and various difficulties have at times arisen in 
determining the question as to what proportion of silver 
in the lead should expose the discovery of ore of certain 



qualities !□ such a cluiu. In a notable trial at West- 
itilntler Hail in l')9')i it "ss laid down that the law ad- 
judged every mine to be a " roya! mine," the metal of 
which contained enough of gnld or silver to compenaaK 
the charges of refining, and the loss of the baser metd 
in which they were contained. Lead, to he worth re- 
fining by the old process, should contain about ecmi 
ounces to the ton ; but this depends upon the maikft 
price of lead, and the ralue of labour. To put a stop 
to the litigations which used go freqtiently to occur under 
the ill-defined law ai it formerly stood, an act was paatd 
in the sixth of William and Mary, entitling the craM 
to the right of pre-emption of mineral produce on tpe- 
cified terms, including lead ore in > fair mercbantibte 
state at 9'- the ton, a price certainly mnch higher than 
can ordinarily be obtained for the ore of lead in «hicfa 
there is no silver. The existence of this law, while it 
frees Irom the apprehension of crown claims upon pn>> 
perty as mines royal, tends, at the aante lime, to tnlb* 
the proprietors of rich mines, Uke some of thoie in the 
northern counties, unwilling to declare trhat is ihdt 
annual produce of silver : the mines on the estates of tbt 
Beaumont family, howcTer, are kJiown to be emiaenllf 
rich; in 1S14 the quantity extracted was 1.6,000 ounces 
and it Ik now rather increased than diminished. 

Silver is extracted from its ores, properly so caBedi 
rither by smelting in a manner similar to that practiwil 
irith reference to other metals, or by amalgamation, — > 
the former being technically designated the dry, and llw 
ktter the wel method. The processes carried on wilfr 
chemical exactness at the extensive amalgamation woAl 
of Freybei^, the capital of the mining district of Saxony, 
and where one chief advant^e of this mode over smelts 
ing is the saving of fuel, are described with scientific 
minutenese by J. H. Vivian, esq. in the "Annals St 
Philosophy," vol. xivii. The first operation at tbs 
works is the selection of ores to form a proper mixture^ 
with reference 10 thequantity of silver and sulphur thiT 
: this is a most material point. It lias been eb- 
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•erred, that the amalgunation procera nicceeflii bent wlicii 
the silver produce is about 73 ounces in the tun. 'J'hc 
object, therefore, is, by a selection of different t>rc*, to 
bring the whole as near to this averap^e gtf can Ih.* ron- 
veniently effected ; at the same time repard being b:id 
to the proportion of sulphur containeiJ in thf-in. 'Dim 
is estimated by the quantity of r^u)**, or «ulpbur''r, 
found in the ore : which h khc.Ttkitth'i \n an a«it«T in 
the cruciUe. The standard by wh.^h thc'T ^rrr le'tyrnfii 
is, that a proper mixture of i:.^ •J;Tf*'f«-nt or«-t ^.t*-* .'; / 
per cent, of regule ; about o.ve rji.f of wt.'.h r.'.*T ^^■ 
sulphur. But, as the *^t*t *:. •:/* hr*^}'^'-/ "•^ ^» 
rarely in the metallic lU*^. i: .■**»• .:. *'.»'.•**•••) .• 
becomes necesMrr 10 le^-fc-.r. .: fr-.f .-t v/r* v • *'*o». 
with sulphur or ocat *-v«."-tv« '>r-.r* i.-.v, *'• ■ y • vy 
the actual proow* c^ tr.A.*"i.".-.i-.v. fc» 'rr^-rr m v.i-i^ 
substances w:uld rr*i*'-: .-^i -. -. t*r ▼ v v.* ••.»••>•! 
This is dor.e '^j ni'-.-r v. v..» - /v.-* -.- •»» v** '/ 
per cenu cf :r,— sii-.c 44.-. v;. v. .«;■ • -.■• -y •.* v>^»«. 
tion in the rirLi.» v-iir, ••.•r.'»i % ••.»— «*. ^-vi-,;* „ 
effected. T:i* «i.^*".-.r- vx: ;i -i*^ r ;■ •■.■ jv- 4-' ■:*' 
acid thai for^ii^::. ;:'. .-.•.'. ir »■ ■:» ■■••» ■j*'-** ♦' .-** i:*.- '•.' 

sulphate cf fc'JUl ▼■l..'tr .^^ r:i •-:..« \,* .'. i^ •■*.. 

combines wim -w r.-*~»r n ;ip 'ra ..-r r^ -f/ 
metallic iurA. tu: riit-nq nu.":*?^ \r' . -.»- 

In thid 4Ci:>* "^t* ^»^ « ^ic>',-v.* .\ •«-.Tn« vg** >i 
operaCdC4. t-.::i -ititl*-* t'r.^^nt. r-.\ ^x-.i* «. - 
it is T&iitVi V. ui inijjfii,*i./«* v'^Vr . .- 

mitxed V. :ne n-r.nn •'' !•*• r.«*r-.j^- r .-. - ■ 

procesA -^r im:u«;:siii4:u n. T r.i. i. ^- . ^ - ,. - ^ 

each ijrr.nz \ \*^t n *r:u'.\. ,j ^ v. 

centra : uiil vui-n in- r 'T- -*?.«^« -* • 
a]da. T'i»» Tir.iiirt* ■' :.>r ^i.. r. >/ 

certain 3mnnr;f-.-.» .' > *^ j #. ,. ' ■ , 

soda, 3iiir*ip r i. -«<•-,.;>-> y . . / 

and -ar;!- r.*r?.>r: <x j ,. . / 

tion. rill? ■•^rrf<i ■•»■.- y • -.r'- - ■ 
of sixi^een tr -^wr. 
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comes decomposed by ihe attion of ihe iron on its idi,. 
and the silver, thus ivducal to the metallic sute, com- 
bine with the mercaiy, forming what Is termed ta 
amalgam ; whilst the sulphate of soda, the muriate of 
iron and other salts, become dissolved in the water. The 
silver combined with the mercury is then filleiedi by 
which the surplus metal is separated, and a compound 
remains in the sack, consiscing of six parts of mercniy 
ftnd one of silver. This amalgam is subjected to die 
aecioD of heat in a distilling furnace, by which the ael' 
eury is sublimed and the silver reniaina. The sUmii 
then collected, and melted in a crucible ; but as it con- 
tains a portion of other tnetals that were combined with 
it in the ore, it is afterwards refined in a cupel or tettjig 
furnace. Such is a general outline of the process, da- 
scribed with great precision of detaU by Mr. Vivian in 
die work above named. 

Native alloys of the precious metals are EometimH 
met with : an amalgam, consisting of about two parts c£ 
mercury and one of silver, is said to occur in HuogilJ 
and Sweden. The mineral called electrum, consiiting 
of about G4 per cent, of gold, and 36 of silver, is found 
in Siberia. An alloy known to mineralogists as auri- 
ferous native silver, and composed of gold 28, and silvei 
72 parts, is procured in Norway. 

It would be improper in this work wholly to pass over 
platinum, which, while it lias some properties in common 
with gold and silver, to give it a claim to rank with tbfl 
precious metals, is not at the same time unknown in the 
useful arts ; though, hitherto, the quantity obtained hai 
been Coo small to render its application for the latter 
purpose other than confined. Platinum is said never to 
be found pure : it is mosdy brought to us in small gruns 
or scales known by the name of plating, whiter than 
iron, and very heavy. The principal supply cornea from, 
Choco and Santa F^, in South America ; and, till wiihift' 
these ten years, it came from no other quarter : tvimt' 
qwently, some has come from St. Domingo, and from, 
^e gold mines in Braxd. In this forn:, which is now 
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called ore of platuram, it contaiiu, beiides some lilex, 
lead^ iroiiy and copper, four new metals, called iridium, 
oaminni^ rhodiam, and palladium. Rusaia draws lar^e 
quantitiea of this precioua metal from mines which are 
worked in the Ural moontaina. The largest mass of 
native platinnm in the Imperial Academy of Mines, at 
8t Peteraburg^ in 1830, weighed upwards of ten iMuntU, 
Banian weight, bat a piece weighing near twenty ]h)u mis 
is said subaequently to have been discovered. IMatinum 
iiaa alao been detected in some gray silver ores from 
JEatianadara. Varioua methods have been adoptetl to 
obtain this most valuable metal in a malleable btate. 
Afr. Knight's process, aa described in Tilloch's Magasine, 
was aa foUovra : — The ore is dissolved in nitro-nmri- 
atic add in a glass retort, after which it is precipitated 
by sal-ammoniac, and the precipitate reduced tu the 
pecoliar apongy metallic state, by heating in a crucible. 
A atroag, hollow, inverted cone of crucible earth is Uieii 
pncnred, with a corresponding stopper to fit it, made of 
the same materials, and the point of the latter ia cut off 
about three-fourths from the base. The platinum^ now 
in the state of a light yellow powder, is preaai'd ti^ht 
into the cone ; and^ a cover being fixed lightly on it, is 
placed in the aur furnace, and the fire raised, grailually, 
to a strong white heat. In the meantime the coiiii^ul 
stopper, fixed in a pair of iron tongs suiuble for lIu 
pmpoee, is brought to a red heat. The cover U^i^K i-'^^" 
removed from the cone, the tongs, with il*** l»*-»*»^* 
itopper, are introduced through a hole iu tin- ^*V "' "-'^ 
tanuee, and pressed, at first gently, on tU- |#U»*"****'; 
at thia time in a state nearly as soft %m tiou^}*, (^'^ *'' '- 
length, acquires a more solid consi^U:!!*'*'- '* ^' ^^"^ 
epeatedly struck with the stopper, as IjmhI »»# "^ t^M^M^' 
of the materials will allow, tUi it apj^ *•* «^' ^^sa*'*- *» 
ftrther impression. The cone is tin-i, gL.tn*^'*i^ tiir**--^*** 
furnace, and, being struck ligbtJy wiik* * i i^iiM»f* ^»**^ ' 
platinum &Us out in metaJilc butir^it,^ |i.w*<' J*i*<*' **^^ 
ft may be drawn^ by reyfAU-dly >^mIj*^: ..^^i^""!'* 
hammerings into a bar dt tor Hsiut^^ i^m*^^'*^^***^" 




|iluiuhii^ &c Count ^lonssin Pousbkin' 
described in Nicholson's Joamal, differs 
from the foregoing. Tlie count, having reducMl) 
ore to the spongeouB metallic state, by methods 
to those employeil by Mr. Knight, adds to one 
the melal to prepared two parts of tnercury, and 
gamates the msss in a porphyry mortar. When 
■cnitlgam of mercury is made, it is compressed iniopM'' 
forated pieces of wood fitted with cyliDiIric 
these being forced down by meang of b screw . 
parale the redundant mercury from the amalgam, wd 
render it solid. After two or three hours, the wmhIm 
cover containing the metal is exposed upon cools, or! 
a crucible lined with charcoal, and the fire urged ta 
white heat: the wood bums away, and the pistiiiuiol 
taken out in a very solid state, fit to be forged. In d 
latter operation, repeated heating is required ; and 
must be taken, either in hammering or rolling plalin 
at tile commencement, not to apply too great force till 
the metal has acquired all its density. The count ob- 
serves that, when the platinum comes out of the flnl 
fire, its dimensiaDs are about two thirteenth parts 
every way than the original amalgam from the mooMs 
he adds, — "The whole of this operation seems W h 
governed by the pressure of the atmosphere, and 
laws of cohesive attraction ; for the air is driven out 
from between the molecules of the platinum, which, by 
their solution in merctiry, are most probably in ihrii 
primitive, and, consequently, uniform figure. It xiietj 
visible, and, at the same time, a very amusing phflDO* 
tneuon to observe (during the process of ignition, whidl 
is performed in four or five minutes), how the plalinlim 
contracts every way into itself, as if pressed by some 
external force." The method practised In the Impetiil 
Academy of Mines at St. Petersburg, for rendering pkh- 
tinuin malleable, is staled by Mr. Marshall to he «• 
follows : — The ore is dissolved in aqua-regia by mCMM 
of heat ; the solution ia, by means of a syphon, drawn 
oFfrom l\ie \i\ack aeffvmeW.,ini <un)i\s:\m.vVR%auriueof 
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n^ which, upon the evtporation of the liquid^ 
in the form of a mass, showing some tendency 
allisation. The mass is now dissolved in rain 
ind precipitated with sal-ammoniac. This pie« 
is a yellowish powder, being a muriate of pla- 
ind ammonia, containing a small portion of iri« 
This precipitate is again clean washed and dried, 
n, in a cast-iron pot, brought to a red heat, by 
means the ammonia and the muriatic acid are 
ed, leaving the platinum of a gray colour and in 
lie state, but still combined with a small portion 
um. Three pounds of this gray platinum are 
)und in an iron mortar ; it being found, as Mr. 
II states (contrary to the experience of Dr. Wol« 
vho used a wooden mortar and pestle), that even 
11 lumps which are formed by the action of the 
thus receiving a certain polish, vrill, notwith- 
^, cohere, or weld perfectly well together. The 
und gray powder of platinum is now wrapped in 
Q order to keep it together, inclosed by a thick 
^, placed upou an anvil, and, by the force of two 
owly and gently pressed with a powerful screw 
to a compact mass. This cake is next subjected 
. heat in a charcoal fire ; and, being a second 
iced under the action of the press, is very quickly, 
, and repeatedly pressed, in order to bring it into 
act and dense a mass as possible ; and thus is 
inum brought to a perfectly malleable state. The 
ike, or ingot, so formed^ is sent to the Imperial 
9rks, near St. Petersburg, where it is rolled into 
d that which is intended for coinage sent to the 
be converted into ducats of ten roubles each, 
mm is the heaviest substance in nature ; it re- 
silver in colour, and is so ductile that it may be 
)ut into very thin plates, and drawn into wire 
as the 2000th part of an inch in diameter. It 
dingly refractory, but may be melted by the 
3 supplied with hydrogen gas, and by the oxy- 
D £ame. Like iron, it is capabAe o^ \^vci^ 



weld»1 ; and, like steel, it may be ren<]ere(l so elsilic W 
lo form pendulam springs for tratclies; and it poisi 
the still more remarkable property of being capable of 
union, by welding, with both iron aiid Eteel. It mtj 
easily be coaceived tbat a metal iodestnictible ae gold, 
almost as bard as iron, infusible in the hottest furnue^ 
resisting the action of concentrated acids, and, at tile 
same time, so highly ductile, must be capable of being 
applied to many useful purposes. In a chemici! labv- 
ralory it in invaluable, in the form of crucibles, cspn 
&c. IMelied with copper, it forms an alloy, ductile 
susceptible of a high polish, and not tarnisbalile in 
atmosphere ; it may also be used for plating and gilding 
io the manner of silver and gold. It has almost eTCTJ- 
thing to recommend it as admirably adapted tot lit 
highest description of metallic currency; and, ace 
ingly, in the Russian empire, a coinage of plaCinwn 
money has been issued. 

Palladium, rhodium, and iridium are metals of a dti 
meter not very disBirailar to platinum, and they a 
usoslly found associated, In manufacture tbey are a 
extensively employed, but are very important for muy 
purpo«es. A natire alloy of iridium and oamitun ii 
employed for hardening the points of gold nenB. 
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CHATP. xviir. 

PLATB WORKING. 

ASOQURT or XHX AET OF SILVERING IirrEEIOE METALI. »- 
rOEMEELT BITSCTBD BT ▲MALGAMATIOK, HEAT AKD PEICTION. 

— rLATIWO WITH 8ILTEE UPOK COPPEE. PIE8T PEACTISED AT 

SHEFFIELD. <^ B0L80TEE AND HANCOCE. — PROCESS OF 

PLATnrO THE INOOT. PATENT TRIPLE PLATE.— EOLUNO THE 

METAL. -^ OPERATIOVS IN THE MANUFACTOET. — DIE-SINEIKO. 
DCPORTAKCE AND EXPENSITENESS OF NEW PATTERNS. — 
ANCIENT CANDELABEA. PIERCE WOREINO. — BRAZIERINO. 

— LIGHTING OR ANNEALING. — PLANISHING. PARABOLIC 

XIRROBS. — SWAGING AND SPINNING. FRENCH PLATING. — 

CANDIXSTICE MAEINO. SOLDERING WITH GAS. — ORNA- 

XBNTAL EDGES. — -CHASINO AND EMBOSSING. —VARIOUS STYLES 

OF FINISHING. BURNISHING AND FROSTING. MASSIVE 

SILVER WAEES. — CONSUMPTION OF SILVER. PRICING OF 

GOODS. -— STATISTICAL NOTICES. GOLDSMITHS* WORE. ITS 

PEEFKCTION AND VALUE. — - ANCIENT AND MODERN WORES. — • 
ASSAT REGULATIONS. -— > GOLD TRINEETS. — BIEMINGHAM 
GOLD. — EASTERN AURIFABER8. — LEAF-GOLD. — • LARGE 

AMOUNT OF THE PRECIOUS METALS EEPENDED IN GILDING. 

GOLD WIRE. 

I 

In the preceding chapter^ we have ^n that a know- 
ledge of the methods of obtaining the precious metals^ 
and of fabricating them into a variety of utensils, ob- 
tained from the remotest antiquity. We now come to 
describe some of the processes by means of which the 
modem manufactures of plate are carried on. As^ how. 
ever, the production of a beautiful and endless dass of 
wares, of which the body is copper, with only a su- 
perficial covering of silver, forms a most important 
branch of our home and export trade, and as the details 
of working these metals are much the same in respect 
to each kind, we shall describe them together, first pre- 
paring the way by briefly noticing the old-fashioned mode 
of *^ silvering," and gi^ng some accoMat of t\\AX n^^^ 



384 PLATE WOBKIVa. CHAP, xrffl. 

eaperior modem composition vhich, from the place el 
ita earliest mtuiufacCure, has often been called '' Sheffid) 
plale." 

The ut of overlaying, for economy's sake, one mettl 
with another more valuable, is of great antiquity, aid 
was practised both with silver and gold ; but the uf- 
phcatioD of the more preciotia materiB! upon the iofeiin 
one, appears, so far as vre can judge, alwsja to hart 
been bj some method analogous to washing or gilding, 
or by affixing sheets and foils in sonie less adb«ie 
manner. Articles so gilt or aUvered were from aO 
early period objects of merrbandise in thb country.iai 
are sometimes noticed in our statutes. In 1403, Itaf, 
Hen. IV. an act was passed to prevent deception ll 
putdug off gilt or plated locks, rings, heads, camjlt- 
iticks, harness for girdles, chalices, sword pumiDdi) 
powder boxes, &c. for solid metal ; all such workntw- 
ship upon copper or lallen being prohibited, exeefl 
ornaments for the church, of which some part was la 
be left uncovered, to show the copper or brass. 

The methods practised in latex times, as well opn 
the Continent as in this comitry, for silvering copper si 
brass, were genendl; those depending upon amalgau* 
Btion, and what h called French plating. In the foinia 
case, pure silver is dissolved in aquafortis, and fn- 
cipit&ted with common salt ; after whicb, it is mhcel 
with about six times its weight of sal-ammoniac, sand- 
aver, while vitriol, and a little sublimate : these ingre- 
dients are ground into a paste upon a smooth stone wJA 
a muller. With this preparation the article to be sil- 
vered is rubbed over, and afterwards exposed to a anf- 
ficient d^ree of heat to cause the silver to mn, at 
which instant it must be taken from the fire, and dip- 
ped into diluted Epirit of salt to dean it. B; sonM 
such process, it is probable, many of the old metal dock 
faces were silvered. In the latter case, — French plating, 
— the practice is to make the metal very dean, and then 
heat it, until nearly red-hot, when leaf silver is laid OQ 
«nd imraediaWly huniished down, the heat and 
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enubig it to Adhere perfectly. By this method, nic 
•mhre kyen of nlver may be applied^ to any thickneci 
the work may require. Copper ii very readily silvered 
10 a superficial manner, by the following prooeu, which 
il very analogous to the above, with the exception of 
the application of heat : — Two parts of silver powder pre- 
cipitated from a nitric solution of common salt; one 
ptrt of alum and two parts of cream of tartar : these 
ingredients are made into a sort of paste with a little 
water. After cleaning the copper thoroughly, this paste 
is rubbed upon it by means of the finger covered with 
soft leather or fine muslin. When the piece is suf- 
ficiently whitened, it may be polished by the application 
ef a bnfi^ powdered with calcined hartshorn, or a little 
Spanidli white. In some places it is very common to 
silver, by means of this preparation, the engraved 
brea8t..plate8 for coffins, the effect of which is very 
good ; and although by no means durable, yet for this 
purpose the polish will last as long as the occasion for 
which its appearance is required. 

One fact appears indisputable ; namely, that by what, 
ever process the old workmen covered copper with sil- 
ver or gold, the precious metal was always laid on after 
the articles were formed, and never in such a way as to 
allow of the laminating, soldering, drawing, and other- 
wise perfiectly working of the combined metals in one 
substance, as is practised in the manufacture of modem 
plated articles. An incidental allusion made by Mr. 
Jacob, though, probably, referring mainly to the old 
operations of silvering above adverted to, is calculated 
to convey the notion that the art of plating with silver 
upon copper, as now practised, originated in tlie me- 
tropolis ; or at least, that it was first carried on there 
to any great extent as a business. ** The introduction 
of plating veith silver on copper," he says, '^ and es- 
pedally since the manufacture has been removed from 
London to Birmingham and Sheffield, has caused a 
vastly increased consumption of silver, especially from 
ibout die year 1 780, to the present time.'' TVv« ^c^omv.% 
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reapeclable authority gives the discovery to the liil- 
named town, to which indeed, if justly belongs : — " TIe 
year 1742 is memorable in the history of Sheffield," 
says Mr. Hunter in his " Hallam shire," " for the iDno- 
duirtion of a new manufacture, which has become » 
formidahle HtbI to the ancient and staple manuficCaret 
of the neighbourhood, or, rather, gn effective auxiliary in 
advancing the town of Sheffield to the rank il 
holds among the commercial towns of this great n 
It was in that year that Mr. Thomas Bolsover, i 
geoioua mechanic, wlien employed to repair the hsndte 
of 1 knife which was composed partly of silvcf and 
partly of copper, was struck with the possibilit; of 
uniting the two metals, so as to form s cheap subsUDK 
which should present only an exterior of silvw, and 
which might, therefore, be used in the manufactnte at 
various articles in which silver had been solely em- 
, ployed. He began a manufacture of artides made 
of this material, hut confined himself to buttons, simff- 
boxes, and other light and small wares. Like many 
other first inventors, he probably did not see tlie fiill 
value of hi* discovery, and it was reserved for another i 
member of the corporation of cutlers of Sheffidd, 
Mr. Joseph Hancock, to show to what other uses the 
copper plated in (his new method might he apphed,ind | 
how successfully it was possible to imitate the fineatud 
most richly embossed plate. He employed it in tbo 
manufacture of c&odlestickB, teapots, waiters, and nwa 
of the old decorations of the sideboard, which, pW* 
viously to his time, had been formed of wrought ulver. 
The importance of the discovery now began to be full} 
understood ; various companies were formed ; workmen 
were easily procured from among the ingenious m»« 
chanics of Sheffield, while the streams in the nei^ 
bourhood furnished opportunities of erecting mills for 
ToUing out the metals. Birmingham early obtained a 
share in this lucrative manufacture ; but the honour of 
the invention belongs to Sheffield, as it is suppoatd H 
stand unrivalled in the ex.tent to which the mantifM ~ 



t orried, and ihe eU^uice and dnnbilit]' of iu prft> 



The name of one of the iodiTidaili mentiiTned ibote 

Mtodated with m affecting incident. Ever; reader of 

^gliA local history hu heud of Ejtm, in the higb 

Kak of Derbyahire, at ihe riUage to nhich the pUgDe 

ru eamrounicaled from London in the dreadful year 

1666. Among the meUneholy memoriali of it« raiagea 

rhich itrangers usually visit, are leveral dilapidated 

pBVE.jloiies on a heathy hill a abort cli«cance from the 

"igei and amongit thetn one ruined tomb sacred i/> 

memory of a whole family of the name of Hancock, 

), with the exception of one boy, fell Tictimi to the 

ertUence. The " sad survivor of his fallen houte" came 

Sheffield, and to him we are indebted for giving the 

■t unpetuB to a trade ariaing out, of the art of plating 

silver. Mr. Rhodes, indeed, in hit elegant de»crip- 

v wort entitled " Peak Scenery," directly alDributei 

Haneock the dlicavery of the art itself, though ap. 

noitly on no sufficient aathority : the claim of Mr. 

dtora- to having first used it in making buttona, 

■mc to be well founded, and family tradition ilill 

tnta to an old building called " Tudor-Houae," in one 

the garreU of which the cunning loricatoc prepared 

secrecy his metal for the rollers. Hr. Hnnter in- 

BBtca, that the first race of workmen were drawn from 

e other trades : they were for the mo»l part copper- 

altia, and of course well acquainted with the modes of 

ixfting s material not altered In reality by the circum- 

of being overlaid with a precious metal, though 

many new conditiona of skill in Its mnnage- 

.: iheir immediate successors earned very large 

and many of them maintained a respectability 

F appearance, and look places in society which their 

Hcendants have not in every instance neglected lo im- 

The silversmiths of Sheffield long considered 

'ea a superior class of workmen, and a generons 

spect Bubdsted between them and their employers. 
unpetitioa and other causes have greatly reduced 
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though they hare not even yet quite obliterated theM 

honourable ilistinctions. 

The following is the method of preparing the nwtil 
for the flatting mill: — Apieceof copper, somewhat ittdlfl 
form of a briclt, and generally about 12 inches ^OOg,. 
S inches wide, and l^inch thick, h prepared Hlher 
by cutting it from a bar of that substance of fine copperi 
or by casting it in an ingot mouU ai an alloy of alMIt 
two potinds of brasa to twelve pounds of copper. Th» 
mass, in either case, is trimmed into a neat form, ^r 
filing off the fash or any roughness which might appear; 
after which it is well and exactly filed on one of lU 
sidea with a rasp undl it is bright and level, cue bejng 
taken not to allow any panicle of dirt to get upon it, 
nor even to touch it with the fingers go as to tarnidi it> 
MTien it has been thus cleaned, a plate of silver, a IhA 
lesa than the surface of the copper, after being nidi 
perfectly flat, is scraped with a tool undl quite den 
on one side, particular care being taken not to lOil il 
with the lingers. This plate, nhich is of a gubstanO) 
in proportion to the copper, corresponding to the 
amount of silver which the sheet of nieta) is intended 
ultimateiy to bear, varies generally from ihe ttuckne* 
of a half crown to that of two penny pieces : il U lud 
upon tile piece of copper, so that the bright anrfacei of 
the metals are in contact. Over the silver ia pUeeds 
piece of sheet-iron, of the same size, brushed over with 
whiting to prevent its adherence to tlie mass when 
heated. The three substances, thus arranged, are *dl 
sectired hy means of small iron binding wire, wrapped 
nund at intervals of an inch, and tightened by twitting 
with pliers. A Utile borax ground with water is bid 
around the silver in the space where its edge approadm 
that of the copper, after which it is ready for the fire. 

A small reverberatory furnace, or low fire-brick ovm. 
heated with hard clean coke, is used by the plater. 
^Vhen the coke is in a stale of steady ignition, md 
the low roof of the oven entirely red-hot, tile prepared 
metal is introduced upon the pronga of a sort of flre* 
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ji tiif imtam. ^^ 
aur jx L «tiir: snar mfur— 



«if siK mlffsc mnen tiic Mtaa 'vbhl mu,. 

A. "fiCT. fcnim: l aiiisc iiec?xv /c 

df ^K BDie^isnL puoi Jkui^ hokoi a 

lioD mulmim fc u of i^ ^ta. tick iiSr«v swibtmim^. 
be eucAilly wiAOmn, nt ifci£ uiif sr mv-iL l>« 
HI exact attauioB w diif cgvnsiflB i^ c^acf «K\>n» m'' 
die plater depends ; Car if ibe xaettl kf bm ivokm^ 
ahnoet immediatelT after tiie iacicBiMD of Ahmii a)w 
pean at die cdgei of the mXTer, ii will praMBihr run \x£ 
into die fire ; and if die ranoTal of it. on the Mher 
haiid^ take plaee a little too eooD^ die two «urfaiY« will 
be only partially united, and the work, of ctHine. be 
good ftr nodiing. Bat when taken from die Are at 
that point of temperatnre which experience iiiilicaitfa, 
die porta of die materiala in contact are found to U* in 
I atate of the moit perfect incorporadon, ao dut no huI)- 
leqnent operadon, however violenty can ae|>arati« dic^ni. 

It haa already been obienred diat, altliuuKh pum 
Bopper ia moady naed, a metal alightly alloy rd with 
braaa ia aometimes required : in the former HtaUt it in 
indiqMnaable that fine ailrer alone be ua«J, wlitfrt'NH, 
■pom the alloy, ailTer of atandard finttusim will mtrvu iIil* 
purpooe. Ilda latter mixture ia i;mployMl, among oilu.7 
pupoaea, in thoae caaea where a tubular uriieU Umm Ut 
he conaJderaiily expanded at du; ummiUi by uttftutu i^f tUc 
ladie, an opendon to wbidi por* c<;pp«r will rv^irly 
nbinit without fncturt. lu Ji^^^J, Mr. liA^U'$iM i/^' 
3hefBeld ohtamed a patent lor a UMtiU'Mi *A iu^9^*»i»»^. 
between the two niiftaia a U^y^r a4 wUiU- iA/y^M,* '*t 
Gicnnan aQver, tuf a oouaKWaUU: thJAr^ijju*^ dtA: ^f^ 
tigt ai wkidi is die w«af ^ yk$0^ tuutu^ ^ w.4m«v.>»a 
tncd BBBK a^ipear ^i^i^mhm; a a. i^i»4:if4v, u>v l^'C w 
idndt of hfabD^ v«iiii|^rt W«ft'«iM. iu>«v^ «ujC </^^^t ^* 
the ofdisnrT *«r y^ ^m^y um^u- «/.>^i«' y.*/^ i^ • v. 
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in the usuil vray, taking ctre lo heat or Mtml it 
in the intervals of Tolling. If designed for wailerti 
plateaux, or other articles requiring great breadth, it it 
rolled both ways, until it is spread out to the proper 
size ; but if only for ordiniry purposes, it h geuaitf 
left narrow in praportion to ita length. When &e 
ingot is of about the size previously mentioned, it will ha 
found that the copper ni!l be overspread by the cilTer 
to within a little space of the edges ; but if the gilNf 
be very thick in proportion to the copper, it wUl lie 
found, in consequence of its greater ductility to spmd 
beyond the inferior material. In the interlaminiKd 
metal above mentioned, owing to the hardneai of ibe 
middle substance, the copper as well as the silver n~ 
over it on either side, and thus spoils the effect ; wl 
the ordinary plating h property managed, the adhedut 
of the two melals is rarely found to be injured by UtJ 
degree of iawinalion, though there a 
risings or stripping! oo the surface. The weighing, 
cutting out, and distributing the metal to the workmen 
is generally contided to a responsible servant, n' 
knowledge of the details of every branch of the n 
facture enables him to effect the objects of his employeit 
with economy and precision. 

The operations carried on in the manufactory of the 
plate-worker may be distributed into six or seven de> 
partments, which are more or less distinct as the etf*> 
blishment is large or otherwise: — 1. Die-dnldllgJ 
2. Stamping; 3. Pierce- working ; 4. Brazienng; 5. 
Candlestick malting ; 6, Chasing and embossing: to theM 
may be added, 7. Burnishing. 

Die-cutting is a most important affair in the manu- 
facture of plate; and it is that upon which the succo* 
and celebrity of many modem works depend. It it, at 
the same time, the most expensive branch of the business; 
Eo much Eo, indeed, as to place the production of ihe 
various articles which are usually exhibited in the show- 
3 of respectable houses quite beyond the reach of 
ordinary competition. The dies of the silverunith, ts 




well IS those of tbe bnn tmf 

nude for the most p«n of «eri ; 
t^y must be exMnted in a wnA bcr aaMKi. At, 
bowever, the metal is DRen nj tha, aad atwaji aift, 
the dies arc rarely hardened; i ' ' " ' " ' 
they will last a very Img time. 



SoRie few of them used in the isatwfaetiiTe of Urge 
oiihei and coven, will anre when of cast metal ; Ihoe 
being in the articles no sharp nati tD itrike op : Ini 
when the designs tn deep and delicate, the dies must 
be of the nii»t esqnisicely finiEhed description ; for 
while onuments in brass, or eren in silrer, if stamped 
In a coarse die, might be generally got up by bmibiDg, 
U tile expense of ■ certain part of thrir sharpness, to 
this loss in the plated arucle would bate to be added 
die risk of exposing the copper. In stamping, when 
■he material is very thin, or the figure deep, particntar 
care, and the frequent repetibon of gentle blows, are 
required, especially at the beginning. The safety of 
the article during (lamping is likewise greatly incrf«>ed 
by placing it between two pieces of copper of the same 
sulMtsnce ; these forces, as they are called, are, along 
widi the matters being stamped, repeatedly lighted over 
a charcoal fire ; and sometimes, when the plate is strong, 
it is stamped in s reil-hot slate. Some notion of the 
expense incurred in dies may be acquired from the fact, 
that sets for a CEmdlesUck which sella for about three 
guineas the pair, often coat upwards of 50/. ; and if the 
candlestick have branches, from seventy to one hundred 
guineas. Nor is there even in the latter case a separate 
die for every part ; as it will be obvious to any person 
looking at the finished article, that many of the embossed 
portions of a branched candlestick are duplicates. The 
parts arfij however, more nuroerous than would be sup. 
posed; and an ordinary plated bed candlestick, with 
extinguisher, is often made up of more than twenty 
pieces. It must not, however, be supposed, that the 
dini eyen for espenaive articles, are always paid for on 
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tike tbeae: there is a shallov, ihowj t 
work, calculated to impose upon the unpracdM 
expenae of which bears no propoTlion to that whl 
produced from dies of tiie best workmen. 

Ancient candelabra were made of gold, 
or bronze. In Cicero we have an account of s (j 
ilelabrum for tile temple of Jupiter Capitolinu 
of vast magnitude, executed b; the first artisti^fl 
profusely adorned with gems. The general form % 
ihat of a column, the top varying in breadth, as it 
intended for a brazier or a lamp. Cicero a 
there was hardly a bouse in Sicily, in his tinie, nitboct 
candelabra of silver. Tarentum, and the isle of MffB*, 
according to Pliny, were coneidered by the Romani u 
the most celebrated manufactories of candelabra, and, h 
wc may infer, of other like articles. Those made tt 
the former place were esteemed for the elegance of ibm 
external form, and those of the latter for their finiihcd 
workmanship. Pliny reproaches an opulent Rontin 
lady with having given iSO,000 sesterces for a candela- 
brum, which was the joint production of.these celebiaieil 
manufactories. 

It will be obvious that a good deal of tlie comparatire 
success of a plate establishment must depend upon the 
taste and spirit employed in the dies ; and as fashion* 
are constantly fluctuating, it is the object of the prin- 
cipal to obtain and retain as much originality aa possible 
in this department. A new article or ornament, how- 
ever, no sooner makes its appearance in the market in 
silver, than it is copied by the plater, and from the 
latter by the Britannia metal worker ; and there have 
not been wanting instances in which much less honour, 
able artifices have been resorted to in order to obtain 
fac-eimiles of patterns, even before publication by the 
original deviser, — the very nature of a die rendering it 
thing in tlie world to copy almoaC 
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Pieroe-woridng if ihn bnndi of liie >»i«»i*i— which 
fdates to the ikbricsxioD of utidesy the bodj part of 
idiich has heen perforated vhfa poDcha at the flT-press. 
This atyle of work, whicL^ for inLatandE, iniifo tnyi, 
waiters, and haiketi, was at one time Tcry ficfaionable, 
is at present little in demand. 

The farazier is the artificer who, in a general sense, 
vndertakes the work wbidi requires to be fashioned or 
perfected by hammering and hard soldering; bis art is 
•nalogoiis to that of the coppersmith. He is required 
to be conversant with all the methods of planishing, not 
ilat pieces, but of tabular, swsged, and bellied work of 
efery description. These operations are among the 
most ingenious of the trade ; indeed, the dexterity with 
which a practised workman uses his hammer is asto. 
mshing. The polished steel head upon which plate is 
planished is called a stake, and may either hare a flat 
£u9e like an anril, or be of a columnar or globular form, 
and bent so as to suit the swelling out and driring in of 
die parts of teapots, basins, urns, or other articles. 
These, and many similar productions, are shsped in the 
first place by means of wooden mallets ; spherical wares 
being also bidged out in part by placing them on a sand 
bag, and striking with a hammer upon an iron instru- 
ment placed inside. SUver and plated articles, after 
having been a good deal hammered, require to be lighted 
by being heated red.hot : with the latter snbstsnce this 
operation demands to be performed with g^at nicety ; 
for if it be not sufficiently heated, it will remain as hard 
as it was before exposure to the fire ; if^ on the other baud, 
it should be exposed but a moment too long to the glow, 
ing cinders, the silver will fly ofi^ the copper ; hence. 
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the workmen have taught themselves by experience to 
judge of the temperature of the metal by the foflonii^ 
simple but i::fBllible criterion : — They Stat black the 
article all over in the smoke of a lamp, and then bolditig 
it over ft clear fire of cokes, mark when the fuliginoui 
film bums off; as, at that time, and not before, the 
proper degree of annealing has taken place. 

The planiehing hammer for flat vrork has two round 
poUshed steel faces; one slightly convex, and the other 
fist ; the former used in the earlier stage of the woit 
It will readily be conceived that great care is regtund 
in planishing, not only that the strokes be made exaedf 
level to the work, but that they be so distributed and 
combined as ultimately to present one uniform and even 
surface, and not a series of indentations. In the etriier 
era of the manufacture, this end was e9ected by the ap- 
plication of a vast number of slight strokes with ■ 
light hammer, as was practised by the coppersmith ; it 
was afterwards found, that by wrapping a piece of 
woollen stuff over the face of the large hammer, ibe 
marks of the rough planishing were much more easily 
assimilated: a thin piece of bright copper was sub- 
. 8et[uently added with increased good effect ; and, lastly, 
a bit of hard polished sheet steel was tied over the 
hammer's face, a piece of moreen or some such staff 
being interposed between them. The advantages de- 
rived from ttiis simple contrivance, as to saving of time 
and perfection of workmanship, are exceedingly great In 
the silversmith. 

The parallel swells in most circular vessels, and the 
raised edges of salvers, with a variety of regular mould- 
ings, are usually produced by means of swages, in the 
manner described under tin-plate working. In ruriog 
silver, however, and especially plated metal, the face of 
the swage, as well as the under part, requires to be 
covered with sheet tin to prevent die instrument from 
marking the metal at every stroke of the hammer, an 
evil which is s^l farther avoided by bringing a weighted 
cord over the upper swage, to keep it from rebounding 
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when struck. Although there ut ten fonni into which 
m expert bammennan cannot mould luch tractable 
inelala as silver and copper, ant) the facility with which 
when ma; be Btmnped will be apparent, yet, ai the 
former method ie exceedingly expeniive, on account of 
the time coneumed, and the latter in the article of dies, 
the application of ateam power is, in aome large cun- 
cemi, made to sugieraede t« a conaiderable extent both 
methodH, hy what is termed spinning, a process exactly 
■imilar to that described by the aame appellation In the 
Britannia metal manufacture. The operation coniiili 
in cauaing a circular piece of eliret metal to revolve in 
contact with a mode! chuck of wood or other aubntanee, 
upon which it u gently and progreaaively foliled ilown 
and moulded by means of appropriately formed bur- 
niihera. 

Should any accident occur to lay bare the copper In 
any particular spot, or ahould the working up by the 
hammer of any latent blister in the melat pruluce ■ 
rimilar deformity, the workman hu a most infceiiioua 
remedy, in what is called French plating. Having 
•craped or scoured Ihe place quite ckaii, and perhtptt 
matted or roughed it a little with a tool, he place* upon 
h a piece of silver reduced to the thinne** of foil, and 
wdl cleaned : holding the article ovet a charcoal Are, 
■nd directing the heat to the part to be menilod, hn 
Bo^s it to become just red-hot, upon which hu In- 
stantly applies a burnisher to the patch, and rubs It for 
tt few minutes, when it will be found to adhere m com- 
pletely that no subsequent operation of hammering or 
Otherwise will remove it. These foiU may be laid upon 
«ach other to any thicknesi ; and in fact, certain porliona 
of the surface of almost every description of plated w«r« 
intended to be engraved, are so overlaid, and the silver 
afterwards beaten down into the substance of the body. 

The candleutick maker has notliing to do with 
planishing, but he has more occBsion for the lathe than 
«ny other member of the trade, ss he uses a variety of 
tubes, screws, and slides or springs. Candlesticks are 
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often made with a double pilltr, ho as to admit of btncg 
dtawn out in the manner of a telescope, an arrangement 
of great convenience in their use, as they may thereby 
he elevated or lowered at pleasure. The tuhes are 
formed in the manner already descrihed in tlie diapi«r 
on lacqaered hrasE-work : they are soldered with a com- 
position consisting of silver alloyed with brasa, and 
reduced to the state of filinga. It is laid on by means of 
a pencil inside the tube, upon a line of triturated borax, 
■1 in copper brazing, hut in silver plate soUIering it ii 
necessary to mix a Uttle sandaver with the borax, to 
prevent the solder from taking to the iron wire with 
nhidi the work is wrapped, and wliich, but for thii 
precaution, would, when stripped away, not otdy tear 
the plating off the copper, but be Uable to pull even a 
silver tube into holes. The greatest care is likewiae 
required in soldering tubes or other things of plated 
metal over a fire where bellows are used; for if the 
article be not removed on the instant the solder melts, the 
nlver is burnt off, and the naked copper appears ; or, 
•s the workmen signiflcuitly say, " Alexander ahowi 
his face." Accidents like this do not admit of being 
remedied by the French plating process, descrihed be- 
fore. The screws used in the slide can dies ticks, and 
for other purposes by the silvermiths, are of brass, orer 
the faces or other outward portions of which a coaling 
of the metal is ingeniously folded at the lathe, by means 
of tools similar to those used in spinning. By the last- 
named operation, the nozzle or top of the candlestidc 
is generally formed ; the foot, or bottom, if merely 
round, oval or oblong, is stamped, and is indebted for 
its perfection to the beauty and goodness of the die. The 
raised work, consisting of foliages. Sowers, scrolls, and 
all the alto-relievo figures which silver and plated 
articles exhibit, is mostly stamped in sections, out of 
metal sufficiently thin to receive an exqiUMlely sharp 
impression from the die ; these ornaments, afW having 
been fllleil with soft solder to give them solidity, are 
•ttached by means of the soldering iron. This tool 1m« 
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In the tnannbcture of rilver pUte tbere are mnij 
operatioDa of soldering which, on aecomit of the dtiw- 
tion or delicacy of the parts, m aome other came, can 
neither be perfomied by the iron, nor ]ret over the fire. 
In iheK cacei recoone mint be had to the nie of the 
blowpipe, and the flame of a large lamp with a great 
wick, or of a jet of gas. The Utter la now commonly 
used where it can be had, and u found to be the dean- 
eit, readieat, and most economical for the purpose. 
The talddiied cat, will gire Bome idea of the arrange- 
menta ibr soldering by means of gis. A (fig. SI.) ii 
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the open hearth place under which the operation is per- 
formed. B is the tube connected with the gas main, 
from which it may be shut off by the cock C. The 
latter tube terminates in a hemispherical head perforated 
with small holes, like the rose of ■ common watering 
pan, and through wtiich, as at D, the gai iiauea. E i> 



e blowpipe, Ihe air-jet of which ta produced Vfi 
operation of the gtnall bellows F, through 
for the purpose. A treadle upon the floor at iho 
nination of the itring G enables the workman to 
tain and regulate the blast with his foot, instead ( 
formerly, puffing with his breath ; a practice at 
injurious and inconvenient in « high degree, ; 
is now generally laid aside for the bellows, ev 
nufactoriea where oil continues to be used. In 
delicate work, the small portable blowpipe is 
in the mouth. 

In the manufacture of plated articles of all but 
very cheapest kinds, it is common to mount (hem widi 
edges, and adorn tliem with ornaments of silver; theiej 
though sometimes exceedingly light and thin, consi- 
derably enhance the value, bm they ensure the dura- 
bility of the article as to beauty in a high degree. Id 
1834, Mr. Roberts, of Sheffield, silver plater, obtained 
a patent for a new mode of preparing for and putting 
, on these ornamented silver edges. The methods hi- 
therto used with such goods, when the edges were of in 
indented kind, were to indent by filing (he edge of the 
plated metal on which the ornamented silver edge was 
to be fitted and soldered, so that it should correspond 
with the shape of the silrer edge ; and then, either 
thinning the metal, or soft soldering a silver thread (to 
protect it) along the indented edge. The disadvaiu 
tages of these methods are stated by the patentee to be, 
first, the raw edge of the copper must be frequently 

t exposed conspicuously to view; if not at first, certainly 
after a little use ; in the second, the thread that Ja put 
on must at once attest that the article is a plated and 
not a silver one. Mr. Roberts's improved method is, 
■titer filing the edge of the article to nearly the shapo 
(but somewhat less) of the ornamental indented silver 
edging, to hard-solder a silver thread of the required 
strength upon the said edge ; and then to flat it with ft 
hammer upon the suke to the breadth and strengtb 
required, and so as that the outer edge will 
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Utde beyond the ornamenietl edge, which is ihen to be 
Boft- soldered on in the usual way, Ttie projecting part 
«f the bard-Boldered nlver edge wliicli extends beyond 
tbe stamped silver one is then to he filed oW, and the 
two edges burnished together till the joining disappears. 
Bf this method, it is said, that a workman will scarcely 
be able to distinguish a plated from a silver article, and 
that the edges themselves nill endure almost as long as 
■olid silver, without the copper becoming at all percepti- 
Ue> It is, indeed, surprising how lung plated ardclee, 
defended with silver on the more exposed parts, will 
last, when carefully used, witl)out wearing dirough to 
the copper, and particularly so when not roughly 
handled in the cleaning. 

The reflectors which have for many years been em- 
ployed in the northern and other lighthouses on our 
coasts are of this material ; namely, copper coated with 
silver, in the proportion of six ounces of silver to one 
pound avoirdupois of copper. The metal is rolled St 
Binninghatn or Shetfield, and afterwards, with much 
labour and great nicety, by a process of hammering, 
formed to the [larabolic curve of a mooM made with the 
Utmost precision ; these are then polished. These 
mirrors measure each from twenty.one to twenty-five 
inches in diameter. 

One very ingenious department of the plate.working 
naotifaclure consists in what is called chasing or em- 
bosnng; these terms being used respectively as the 
irork is superficial or deep in the execution. To this 
practice the gold and silver smiths of antiquity are much 
indebted for the perfection of thdr wares ; it is, in- 
deed, a process which, next to the art of engraving, 
and with much greater effect, exhibits in wonderful 
perfection the designs of the draughtsman. It embodies 
not merely outline with bold relief, but superadds 
diversity of texture, surface, and even colour j and 
lome pieces wrought of the precious metals, orna- 
mented in the first style of the art, are of extraordinary 
Valucj and justly command utiiversal admiration. Those 
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vho liaie seen the superb Uihle Ecrvices of the BriGil 
lovereign, or those of some of the other princeB of Ea- 
ropc,Bs well is manyin privdte llanda, and especially ibt 
plate repositories of the celebrated boiue of ItuniUe md 
Bridge on Ludgste Hill, will he able Co judge of tbe 
truth of these remarka. The method of perfonoing 
the work Is very simple as to the details. The xrtidt 
being Rnished from the brazier, the design is in die 
first place delineated upon it in a very slight way, or, If 
it be not original, by means of red chalk and tradng 
paper, as is done by the engravers. The work, if at 
all hallow, as a le&pot or a mug, lod if the figures an 
to project considerably, is held upon a sand-b^, md 
the body of the design is bulged from the inside by the 
application of a hammer upon a knobbed rod called a 
snarling iron ; the vessel is then filled nith a compo- 
sition of pitch and ashes from tbe grate, and rested 
upon the sand-bag during the operation on the outsdc 
where the work is perfecteii. If it be a salver, orodur 
flat article. It is embeddeil upon a quantity of the com- 
position laid on a board of ihe proper size, and having 
a hemispherical imder-picce resting in a cavity on the 
work-bench, by which contrivance it is readily turned 
about by the chaser, so as to suit his conTenience. The 
hnes are then sunk by striking down upon and indent- 
ing the metal with little blunt steel punches of shapes 
adapted to the figure. It would surprise a stranger to 
see with what facility a workman, by means of a amsll 
hammer, and about a score of simple tools, will bringup 
in bold relief the most elaborate designs. 

When the articles are finished in all their parts, At 
edges dressed, the ornaments soldered on, and the chased 
or embossed work executed, they are boiled in a lixi- 
vium of pearl asheB, to take away the roatn or gteaK 
which may remain attached ; after which, the raised 
parts are got up by dry brushing with a mixture of 
rouge and whiting, and finally by burnishing. The 
burnishing of plate is an operation to which it i 
riehted for t,\iat rlc\i \uat.TCUs a^xjcaTaiice so peculiar jfl 
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metala wlien thus got up. Tlie burnishes coiii- 
irise those of s\eel and those of blood.Btone, the huer 
Xed by raeaoB of ceiiiein in ferrules atiacheii to the 
afte ; they are of various forms, suited to the purposes 
sr which they may be required. In bunushing (nhicli 
b generally performed by women), the first process is to 
touch the article over with a bttle brown soap and water, 
to counteract any gressiriess, and then they apply a rough 
Rone burnish, called rough only as being less exquisitely 
poliahed than the others ; it obliterates any scratches 
irliich may exiac, and, u it were, lays the ground : this 
Is followed by a steel tool, then comes (he middle atone, 
and kally the tine stone is used. These toob are oe- 
CMionally dipped, during the using, in water in which a 
Bttle white soap has been dissuked. The artjcles are 
finally wiped up with pieces of soft cbamois leather. 
Klver vessels are often gilt inside, and even the copper 
of plated ones is generally so covered. This operation 
il performed by la^ng on a coating of the amalgam 
prepared as for button gilding, and then dissipating the 
tnercury by exposure to a moderate heat, after which 
the surface is burnished as above described. The gild- 
JDg, however, is generally ap|>lied at an early stage of 
Aie manufacture of the goods, mostly after all the hard 
loldenng has been done ; (he feet, handles, and orna- 
HWDts being attached afterwards by brasing the iron : 
fbc while the gold would suffer by exposure to a heat 
efficiently intense to fuse hard solder, the gilding, on 
the other hand, requires a temperature more than suffl- 
Bieni to melt off any parts united by a mixture of I^ 

In some silver articles there are parts, particularly 
|«presentalion9 of the human figure, and also animals, 
prhich are exhibited in matted or dead work, of a fine 
irhtte ground, and producing ■ pleasing e^ct in con- 
trast with the burnished portions. This effect is pro< 
luced by covering the sut^ect with a coat of pulverised 
Bharcoal and saltpetre, and often heating it until red' 
bat over a charcoal Sre, quenching it in » ^\c'V\e, n^ ml 






tnixon. Somedmes ihe first operation wiil be sufficient; 
bat if not, the operation must be repeated, until the fine 
trhite ground is produced. In some of the very nch 
and massy pieces of plate, the figures, instead of being 
<Btamped and embossed in sheet >nelHl, are cast from d^ 
signs modelled expressly by celebrated artists in ini, 
and copied in plaster of Pan's. The London gold iiA 
silver smiths sometimes employ first-rate talent in thii 

In the seventeenth century the taste for massive ulva 
tankarila and cups was at its height, and this tasle ex- 
tended even to the taverns ; so much so, indeed, Qiat id 
1696, the use of silver piste (spoons excepted) ml 
prohibited in public houses, in which it was then mod 
used both in lawn and country; insomuch that we «i 
told one alehouse, near the Royal Exchange, in Londm^ 
had to the value of 500/. in silver tankards, &c. 

The making of silver laiiles, spoons, forks, mgt 
nippers, &c. is generally carried In by persons as U 
entirely independent branch of trade, and mostly 
London. This is an important department of the bnsi 
nessof the general silversmith; less, however, on aceouD 
of the beauty of the articles as compared with man; 
others, than from the large amount of mel&l coiuunta 
in their, manufacture. The silver table spoona whid 
immediately succeeded those of pewter were very flinw] 
and light in comparison of those now generally madi 
' The introduction of tea," says Mr. Jacob, " Initespa 
ciiUy the extensive preference which it gradually n 
ceived, till it has become the daily fare of almost ill 
whole community, had an influence on the consumptial 
of silver for small spoons. They were scarcely knovi 
in the previons reign, but multiplied in the rugn a 
Anne, and have gone on increasing from that time to dt 
present, when they may be counted by millions, per. 
haps by hundreds of millions." The same au^orit; 
informs us that the silver used in modem forks atn 
spoons forms the mode in which one half of that meta 
consumed in England is applied. These articles aii 
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wrought upon the anTil, in the manner of steel wares, 
or, in some sorts, pierced out of sheets by means of the 
fly, and afterwards fashioned by striking in bosses and 
filing. They are known in the shops according to tlie 
style of the handles, as plain, fiddle -shaped^ and king's 
pattern ; the embossed work on the latter description 
being produced by squeezing them when red-hot be- 
tween figured steel dies by means of a Bramah's presF. 
They are got up by brushing and buffing with oil and 
rottenstone. These articles^ which are almost exclu- 
sively formed by manual labour, and in which the in- 
trinsic value of the material constitutes so large a portion 
of the ultimate cost, could only be sold at the usual 
prices in consequence of the perfection attained in the 
art, by men exclusively devoted to this particular branch. 
The metropolitan makers long enjoyed the prerogative 
of osing a somewhat lower value of silver as standard 
which no longer exists. 

In the wholesale price of gold and silver plate, the 
workman's wages, and the manufacturer's profit, are 
combined in a single item, always entered as, ^^ fashion: " 
for instance, a dozen of silver tea spoons intended to 
aell for SL would be invoiced thus — " silver, Si. 6s, 6d. ; 
duty, 1*. 6d.; fashion, 12s" Of course, while the 
value of the material and duty are in all cases according 
to the weight of the article and the current price of 
nlver, the sum charged as fashion will vary exceedingly, 
according to the quantity and quality of workmanship 
expended. The difierence between the price of plated 
and silver goods is commonly as that between the value 
of the silver, including the assay charge, and the selling 
price ; so that a plated toast rack which is sold for a 
guinea is reckoned to be equal in appearance to a silver 
one upon which that sum is charged for fashion. 

The making of gold plate differs scarcely at all from 
the manufacture of wares of silver, except in the ori- 
ginality and richness of the designs ; and hence the 
talents of first-rate artists, both as draughtsmen and 
modellers, are called into requisition and patronised by 
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the goldBmilh. Vessels of gold, on account of the io- 
trinsic vglue of the material, are generally fabriuud 
from unique models, a circumstance which greatly en- 
hances their preciousnesb ; so that rppetitiont of thi! 
same pattern fiom steel dies, an practised almost iiniT(T> 
sallj in the working of silver, are by no means commoii, 
especially when the pieces ore large. Formerly, bj the 
term " goldsmith " was understood an indiridntl of a 
class more nearly resembling the bankers than the plal^- 
worbers of the present day ; as it was through the handi 
of these " Lombards" that soveieigns and their opolenl 
subject! transacted pecuniary business with one anodio; 
And as, during the middle ages especially, sovereigns 
and great men were almost the only cUsses of society id 
Europe who could indulge in the liixtU7 of golden omi- 
ments, so the few artists who were employed in minister- 
ing 10 this taste were persons of importance — geuetaUy, 
indeed, eminent sculptors or engrarers. BenTeDuto 
Cellini, the celebrated Tuscan Burifaber, afforded in hit 
own person a striking illustration of this fact ; and the 
negotiations between this irascible genius and the reign, 
ing pope, relative to the making of a gold button for hu 
holiness, are detailed in the amusing autobi{q;raphical 
lueraoirof Cellini, with an air of consequence, that could 
hardly have been surpassed had the stability of the papacy 
rested (as he evidently considered the credit of the pope 
did) upon the employment of a goldsmith. 

The goldsmiths of this country had conuderable re- 
putation in the middle ages. Anketil, a munk of St. 
Albans, about the banning of the 12th century, vasM 
famous for his works in gold, silver, gilding, and jew- 
ellery, that he was invited by the king of Denmirk la 
superintend his works in gold, and to be his banker or 
money changer. A pair of candlesticks made of silm 
and gold, and presented by Robert, abbot of St. AlkwDii 
to pope Adrian IV., were so much esteemed for their ex- 
quisite workmauship, that they were consecrated to 8C 
Peter ; and were the principal means of obtaining high 
ecclesiastical distinctions for the abbey. According to 



the English worlcs in gold and silver were 
earif at the eighth century, even in Italy. 
AlluHion has been ■Iready made u> the Urge (mount 
ef the precious metals laid up in the churches during 
Ae middle agea, in the form of images, Etcred vessels, 
asd votive gifts : msnj of the latter, however odd in 
ibeir designs, were certaJuly, no leas than the former, 
nlcnlaied to call into exercise the ingenuity of the artiils, 
who (pared neither time nor toil in the execution of 
works, with the objects of which in tlieir minds, as well 
M in the minds of their patrons, was associaled a reli- 
giouB profession. Suger placed in the church of St. 
Denia a golilen crucifix weighing eight marl<s, and be- 
■idea the value of ihe gold and enamel, there were in 
it pearla and precious stones : two years were required 
to finish it, though seven of the most skilful artista 
who had come from foreign countries were occupied 
«n it day and night. The collar of the golden fleece 
which the emperor Charles V. used to wear, and which 
it a chain of gold with twelve raedalhons, presenting the 
twelve stages of the passion, ie a work of such beauty, 
"that it is doubtful," laya the author of Mores Catho- 
lid, " whether any artist, goldsmith, or engraver of the 
present day would be capable of executing it." 

The goldsmiths' company of London have eiijoyed a 
royal charter since the year 139^. Besides the maner 
■nil other officers, there is an assay master, or " touch 
warden," appointed to survey, assay, and mark all woika 
in the precious metals, in order that the public may not 
tie defrauded. The working goldsmiths of London, aa 
well as those of Paris, formerly carried on their opera- 
tiona in shops open to the street, in order to lessen the 
chances of their fraudulently evading the corporate in- 
apectlon aud government duties of their works. 'I'here 
n an assay master of the mini, called also the king's 
assay master, an officer entrusted with the care of making, 
on the part of the crown, true touch an<l assay of the 
gold and silver brought (o him, and giving a just report 
of the goodness or badness thtreof. Plate is not ac- 



I 
I 




40ti PL 

counted gold or silver, nor legally sold as such, unlw 
of statiJarii purity, which is ascertained by cutting w 
scraping off » small portion of the metal and trying it 
by the tire ; if found pure, the assay officer stampi (he 
article, and its integrity is admitted accordingly. Tit 
duly on wrought gold is seventeen Bhitlings per OUDM, 
and on silver one ghilUng and sixpence per ounK. 
Silver articles are generally tnarlied ; but of those pruted 
off for gold with the public generally, comparaiivelj 1 
small proportion pays the duty, except wedding ringi 
and some watch casea. 

The terms " molten " and " beaten " gold, used by 
writers of antiquity to denote such works as were de- 
culed by the process of eaating or hammering respec- 
tively, are still applied occasionally. Articles are vaj 
rarely, however, cast in gold, owing to the great shrinli- 
ing which takes place on the cooling of the metal in die 
mould, in consequence of which it is difficult to obtU» 
that sharpness of impression, so conspicuous in rataj 
figures copieii from models by this method in most otlw 
metals. Although to the use of the hammer, gold [diK 
is, in general, indebted for the form it aasurnes, andlbt 
perfection of all its details of beauty, the labonr of the 
artist has been much abridged by the modern inventiiNi 
of steel rollers, by means of which the ingot is rediued 
into sheets of whatever thickness or size the work mj 
require. This method of laminating the metal must lie 
of great importance in the making of large artickJi 
where otherwise the cost of workmanship would he 
greatly enhanced. Ingenuity bestowed upon the ftbrt- 
cation of vessels and ornaments of gold on a large ind 
original scale, is, and ought to be, eatimste<l highly ; 
fill-, next to statuary anil painting, the goldsmith's art, 
in its noblest exercise, is not demanded to tninisur tt 
public taste so much as to adorn the sideboards of ibe 
great, and even to embody the complimentary imuii- 
ficence of princes. The names of Rundle and Kniff 
have already been mentioned. The patronage bestowed 
by this house upon the artificers in the precious metali 
can only be CDWi^wiid b^ those who have some know- 
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ledge of the alleged pecuniary amount of their transac- 
tions. Of the value of certain works of this description, 
some idea may he formed from the fact^ that the service 
of plate presented from Portugal to the duke of Welling- 
ton cost, according to the public prints^ about 85,000/. 
for the metals, and a like sum for the workmanship. 

An amazing variety of small articles are manufactured 
of what is called, from the place where they are made, 
'^ Birmingham gold ; " but into the material of which, 
in reality, sometimes a particle of gold does not enter, 
as, indeed, the price at which they are sold might lead 
us to conclude* There are some better sorts of trinkets, 
however, which consist either of gold alloyed in various 
degrees, or of some metal plated with it. In the latter 
style, the beauty of the article is fully equal to that of 
solid gold; and for seals, brooches, and innumerable 
other exquisite toys, not of large surface or exposed to 
much friction, the material answers well, and wears a 
long time. It was proposed some time ago, by a member 
of government, to introduce a bill into parliament, to 
prohibit the manufacture of jewellery from any but 
gold of fixed standard. The representation of some 
extensive jewellers who declared that the measure would 
be productive of great distress to the trade, without pre- 
vious consideration of the best means of bringing about 
the change, has caused a temporary abandonment of the 
measure. The enactment proposed would make it a 
serious offence to manufacture gold of less value than 
2/. 17*. 6d, per ounce, which must, of course, be 
stamped. The stamp for what is now called standard 
gold, but which jewellers are not compelled to use, except 
for watch cases, will be the same as it is now. In this 
way, as in France, where all gold articles are stamped, 
the purchaser of manufactured gold will, on weighing 
ail article, ascertain its intrinsic worth, and how much 
is paid for what is called the fashion of the thing. At 
present, all depends on the conscience of the manufac- 
turer. Gold which does not cost 1 5s, per ounce may be 
made to look as well to the eye as gold that is worth 31 
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Fuhton fluctuates aa to the colotir of gold, the prp- 
ference being at one time for pale, and at another for 
red, articles. The beautiful yellow colour bo pectdiir 
to pure gold ie rendered paler by fusion with boru; 
but thifl may be prevented by admixture with nitre, or 
gal ammoniac : nn the other hand, the colour is height- 
ened by an alloy of copper. In various pans of llie 
norld where gold is known, and amill wares of bem- 
tiful worknianBhip are sotnetimeB fabricated, the anisti 
are often exceedingly little indebted to any kind of lnl< 
chinery, a aurprlsing degree of manual dexterity bong 
exercised by them. This is more especially the c*E 
among the people of the East, where idols, trinkets, and 
even plate for domestic purposes, atiest the in^nuity rf 
the artitirer, aided, as he is commotdy seen to be, with 
but few tools of any kind. Geor^ Bennet, Eki). who 
went out about ten years ago with the Rev, D. Tyermin, 
to visit the islands of the South Seas, under thesusinctt 
of the London Miaaionaiy Soeiety, wore about hiineck, 
on bis return to this country, a handsome gold chain, 
which had been manufactured in his presence, while U 
Madagascar, out of a couple of Spanish doubloons. The 
process of fabrication, as described by Mr. Bennetto 
■writer of this notice, was extremely simple, and thaws 
what could be done by manual dexterit; with the aM 
of so few implements. The artbt, in the first pluei 
kindled upon the floor of his shed a little Are of ehaf 
coal, and having received the two pieces of gold^ be {Ml 
them into a small crucible, which he placed on the fite, 
The heat was now excited by blowing ; the apparatus 
for which, and the method of its application, were aa 
fallows ; — Two pieces of bamboo, each about twelve 
inches in length and less than one inch in diameter, were 
stuck in the groimd near the fire : to these, two stickl 
were fitted, to act as pistons, while connected by holn 
at the lower part of the bamboos were fastened smallet 
reeds to convey the blast from what might be called lb* 
main cylinders to the Are, A buy taking hold of one of 
the s^cks in each hand, and working it up and down in 
the wDodeo ttibe with considerable address, the fire « 
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presently excited to a suffident degree of intensity to 
melt the metal^ which was now poured into a groove on 
a piece of wood, so as to form^ when cool, a small ingot. 
When cold, the workman took the gold and hammered 
it on a little anvil, and then drew it through the holes 
of a steel plate^ hy means of a rude bench, having a 
ndler with a rope and a pair of nippers attached : the 
wire was occasionally heated during the drawing. When 
the wire was sufficiently reduced, it was implicated into 
the exceedingly neat and substantial chain alluded to, 
with the aid of no other tools than a pair of pliers and 
an old knife blade. 

fiesides the quantity of gold directly manufactured 
into plate for the sideboard, watches, snuflf-boxes, chains, 
and trinkets in general, an immense amount is consumed 
in the rarious operations of gilding. Of this portion, 
spread as it is over such a vast surface, the greater part 
is ultimately lost as the articles which are overlaid with 
it perish. The use of gold in this way is of great an- 
tiquity, having, it is probable, been first applied in the 
form of exceedingly thin plates, and presently in leaves 
sufficiently thin to admit of being attached by means of 
some adhesive composition. 

Of the gold as well as silver, which is used in vast 
quantities in this state, only a very small proportion 
finds its way back to the crucible, the remainder being 
entirely lost to the community. In a state of the arts 
like that which exists at present, and with the liberal 
views now entertained in respect of our manufactures, 
it would probably be as impossible as impolitic to lay 
under any direct fiscal restrictions the expenditure alluded 
to. Regulations were, however, occasionally made by 
our earlier sovereigns to prevent or discourage the con- 
sumption of the precious metals in gilding. In a statute 
of James I., about I619, it is enacted that '^ the better 
to prevent the unnecessary and excessive vent of gold 
and silver foliate (i, e, leaf) within this realm, none such 
shall from henceforth be wrought or used in any build- 
ing, ceiling, wainscot, bedsteads, chairs, stools, clothes^ 
or any other ornament whatsoever ; except it be armour 
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weapons, or in arms or enwgns of honour at funenik, 

moDuments of the tlead." 

In the preparalion of gold leaf, the metal ia first Tt- 

ced into long thin atripe or ribands by means of !ied 
rollers : it it then cut into little pieces, which are bcittD 
on an anTil, and afterwards annealed. Onb hundredaml 
fifty of these pieces, now an inch square, are laid tvo 
together between leaves of vellum about four timei ibit 
size, and laid twenty thicknesses on the outsides, liie 
vihole being inclosed in a parchment envelope. In ibis 
state, the mass is beaten with a heavy hammer on i 
smooth block of marble, till the gold is extended lo the 
■ize of the vellum, after which the whole is taken Wt, 
and the pieces are each cut into four with a knife: the 
600 squares thus produced are interlaid as before widt 
pieces of ox-gut prepared in a peculiar manner, and 
called " gold-beater's skin." The beating is now »■ 
peated with a lighter hammer until the leaves haw 
reached the extent of the skin, four inches square, nhea 
they are divided into four by a piece of cane cut to an 
edge. The whole is then divided into four parcels, in- 
terlaid with the membrane, and beaten till they aW 
stretched for the third time to the size last mentioned: 
the French artists sometimes repeat the division andtlie 
beating once more. After the last operation, thelMVM 
are carefully laid on a leather cushion, and cut to squna 
of from three inches to three inches and three-eighths, bf 
means of a sharp-edged frame made of cane. They Ut 
then laid in little hooks of twenty-five leaves each, ibe 
paper of which has been bumiKhed smooth, and rubbed 
with red bole, ta prevent their sticking to it. The 
finest gold used for this purpose has three grains of 
alloy in the ounce, silver or copper, or both, as the co- 
lour may be wanted : the maximum proportion of alliij 
is twelve grains to the ounce. It is stated, that ther* 
are about eighty gold-beaters in London, and perh*pi 
twenty in other places throughout the kingdom ; and 
that two ounces and two pennyweights of gold ate de- 
livered by the master to the workman, who, if rerj 
'itilfuL returns SOOO leaves, or eighty books of goU,W> 
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gether with one onnce and six pennyweights of waste 
cuttings. Hence the contents of one book weigh 4*8 
grains ; and as the leaves measure 3'3 inches^ the thick- 
ness of a leaf is 1 -282000dth part of an inch ! A gold- 
beater's hammer has a round head^ with a face very 
smooth^ slightly convex, and about four inches in dia- 
meter : three hammers of different sizes are used in 
saccession ; the first weighs sixteen pounds, the second 
twelve^ and the finishing hammer eleven pounds. 

Gold wire is prepared by drawing the metal, first 
formed into a cylindrical ingot, through a succession of 
perforations in a steel plate, in the manner practised 
with wire in generaL For wedding rings, and some 
descriptions of chains and filigree, fine gold is thus re. 
duced ; but a great part of what is called gold wire is, 
in reality, silver gilt or plated with the more precious 
metal. The wire which is flattened and spun into gold 
thread for laces, brocades &c. is thus manufactured, the 
silver itself being considerably alloyed ; and the gold, 
which ought to be very pure, is attached by burnishing 
in leaves upon the silver when the latter is heated, by 
the process already mentioned as French plating. The 
ductility of the gold in this extension is amazing. Dr. 
Halley states that six feet in length of the finest gilt wire, 
before flatting, will counterpoise no more than a grain ; 
and as the gold is not quite l-57th of the whole, a single 
grain of gold thus extended will be 345*6 feet long. By 
flatting, the length of the wire is increased about l-7th, 
and its weight is equal to l-96th of an inch ; hence the 
surface occupied by one grain is equal to 98*7 square 
inches, with a thickness of 1 -490444th of an inch. 

Gold, as it is the most malleable and ductile, so it was 
long considered the most tenacious of metals : more 
recent experiments, however, have demonstrated that, in 
tenuity, it is inferior to platinum and silver, and even to 
copper and iron. 

The chapter on the Electrotype will include the pro- 
cess of plating by electro-chemical agency now commonly 
employed. 




We are told by Hulton, the aulhority already quoial, 
that the " toy trades," as tliey are called, flrsl di«1« 
their appearance in Uinrnngham, in the beginning li( 
CliarleB II. 's reign, in an endlces variety. " The flrtl 
in pre-eminence," he proceeda, " is the button. Thit 
beautiful omament appears nith infinite Tariation ; and 
though the original date is rather uncertain, yet we wdl 
remember the long coats of our grandfathers coTered 
with half a gross of high tops, and the cloaks of am 
grandmothers ornamented with a horn button, neatly 
the size of a cronii piece, a wuch, or a john-applc, 
curioualy wrought, as having passed through the Bir- 
mingham press. Though the common rouud button 
keeps on with the steady pace of the day, yet we aome- 
times see the oral, tlie square and the pea, the concave 
and the pyramid, start into eiisCence. lu some branchea 
of traffic, the wearer calls louiliy for new fashions ; but 
in this, the fashions Iread upon each other, and crowd 
upon the wearer. The consumption of this article is 
astonishing, and the value, in 1761, was from Srf. a gnws 
to 1-K) guineas. In 1818 the art of gilding buttons 
had arrived at such a degree of refinement in BinniBg* 
I, that three pennyworth of gold was inkde tOM 
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a gross of battons : these were sold at a price propor- 
tionably low. The experiment has been tried to pro. 
duce ffilt buttons with&ut any gold; but it was found not 
to answer^ the manufacturer losing more in the con. 
sumption than he saved in the material." 

Beckmann mentions a button manufactory in Germany 
where metal buttons^ of all patterns^ were made annually 
to the value of SO^OOO dollars : the material he supposed 
to be regulus of cobalt^ a product of the blue colour 
works. It appears that these buttons were made of a 
eompodtion which had a white silverJike colour^ and 
was susceptible of a high polish. 

Diversified as have heen the forms and the sizes of 
the button^ these hardly exceed in number the endless 
variety of materials appropriated in the manufacture of 
this seemingly insignificant article. To enumerate them 
all would be nothing less than to make a list of sub« 
stances as dissimilar to each other as they are various 
in their application^ under the infiuence of taste^ fashion^ 
and ingenuity. Hom^ shelly glass^ pearly paper^ coal^ 
jet^ and precious stones, as well as embroidery and stufi* 
of all sorts, have, at one time or other, been in vogue. 
And even of metal buttons, the varieties, as to material 
and style, have been so numerous and are so continually 
increasing, that a collection of Birmingham buttons 
would only be less curious than a cabinet of British 
coins— the resemblance, indeed, being in many respects 
very striking. 

The commonest kinds of metal buttons are those 
stamped or cast of pewter, abd chiefly used in the trim- 
ming of military jackets : they are, of course, very soft, 
but not being intended to bear any stress, but merely to 
exhibit the number of the regiment, or some other 
figure, and to be stitched dose to the doth, they answer 
the purpose well enough. 

Previous to the year 1814, upwards of 1000 indivi- 
duals were employed in Birmingham in the making of a 
fancy wbite metal button, cut by an engine : it was a 
cl eip showy artide. and almost the entire produce of 



41 4 WE 

the numerous hsntls employwl was sent to the Continent. 
A single artisan, well acquainled with tjie processes 
of the manufacture, happening to be detained by Bao- 
naparte, stateil to the French government his ahihty to 
eBtabli&li a worlcahop, and produce the button. He WM 
imraediHtely patronised : — the trade presently left Bir. 
niingham, and France euppUed the markets of Europe. 
Another article, called the Bath metal drilled shuli 
button, and of which, at one time, 20,000 gross pA 
week were made in Birmingham, waa lost in tbe sane 
way. The particulars of these esses, with some other 
curious facts illustrative of the facility with which in 
ingenious warknian or two could carry to other conn- 
tries a knowledge of our manufacturing secrets of ihii 
class, maybe found in the evidence of Mr. Oslcrj vbo 
was examined, in ISai.beforeacommitteeof the liotise 
of commons, relative to the poUcy of allowing the fiee 
emigration of artists. 

Wliite metal buttons may next be mentioned: they 
arc a composition of brass mixed with various pit- 
portions of tin, and are cast in shallow boxes of sand, 
in numbers of from six dozen to a gross at a time 
The shanks, previously formed out of bent wire, m 
placed in Uttle cavities in the sand, so that the meld 
when poured into the moulds surrounds and firmly in- 
beds ^le sliank, with the exception of a small loop. 
These buttons, which are brittle and sonorous like bdl 
metal, are first turned on both sides in a latlie, and duo 
polished on the face by the successive application of 
buff-sticks, or Hat piecea of wood covered with bufikls 
skin, and dressed with pounded ganister, bluestone, anil 
rottenstone, mixed up with oil, They are afterwardi 
iBhUened, as it is called, in the manner of pins, by bcdl- 
ing with gr^n tin and crude tartar, or ai^l, and lastly 
brought to a surprising polish by the application of ■ 
buff, dressed with the finest pulverised crocus maiti, or 
pure impalpable quickJime. 

In the manufacture of brass buttons, of which the 

y is endless, the blanks are pierced out of sheet 

iDecal> by means of api^ropriate beds and punches fitted 
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to a fly press. The pieces in this state have an exceed^ 
inj^y sharp edge, to correct which, and, at the same 
time, produce a romid, smooth, wire-like edge, they are 
rolled between two parallel pieces of steel, one moving 
horizontally past the other, which is fixed, and both of 
them containing polished grooves on their corresponding 
faces. To the moveable piece A {fig, 92.) a sliding 

Fig, 92. 



motion is given by means of the handle B. In both 
the grooved pieces, which are about eighteen inches in 
length, there are semicircular openings as at a, which by 
corresponding once during each revolution of the handle, 
admit of the blank e being dropped into the grooves, 
after which it is carried, revolving as it proceeds, be- 
tween the pieces of steel, till coming to the hole t, it 
drops through into a basket underneath. This operation 
is performed with amazing celerity by a boy, who drops 
the blanks into the cavity with his left hand, while he 
turns the handle with his right. The blanks, having 
been thus rolled on the edges, are, in the next place, 
smoothed or planished on the face; for which purpose 
they are placed in a die under a small stamp, and a 
smart stroke is given to them by the falling of a polished 
steel hammer. They are now ready to receive the 
shanks; these are bent and cut from the wire by a 
machine contrived for that purpose: one sort of them is 
manufactured by the aid of a steam engine, which forms 
them by a single stroke, and produces about eighty in a 
minute : the shanks are placed upon the buttons with 
silver, spelter, or soft solder, and detained in their po- 
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n by a little cramp of wire, until tliey are soldered, 
' Kveral at a time. If merely bruE buttons of ■ comman 
■ort, they are pickled by itninersioD iu aquaforliB — I 
number together being dipped in a perforated earthen 
dish ; they are then dried, and either turned and bur< 
nished at the lathe, or impressed wilJi figure- work by i 
Btngle stroke with a die at the stamp — the button lying 
in a liosa having u small cavity for the reception of tbe 

The variety of figures struck upon buttons by thii 
means is endless, the work appearing EDmetimea in re- 
Uef, ts upon coins, and sometimes sunk, as if engtaved) 
according to the execution of the die ; in some sort^ 
indeed, the graver is used in the execution of v(>ry fine 
designe, though this is but rarely the case. Some of 
this sort of buttons are finished by lacquering; many 
by being exposed, after they are poUshed, to a small 
degree of heat, by mesne of which a detper and more 
enduring colour is communicated ; the remainder are dit- 
posed of in the state in which tliey come from die die. 

For gilt buttons, the most brilliant and astonisliing 
produce of tiie manufacture, a peculiar metal, compoEcd 
of copper alloyed with a small portion of ziiic, or brao 
mixed with copper, is required : brase of die ordinsiy 
composidon being unsuitable for gilding. In these the 
successive operations of piercing out of the sheet, rullin 
the edges, planishing the surfaces, and soldering on Ua 
■hanka, are all performed exactly as in the brass button!. 
The shanks having been affixed, and the buttons pichlol 
in diluted nitric acid, and afterwards washed and dried, 
they are rough burnished iu the lathe, by means of a 
hani blood-stone burnisher ; this operation brightmt 
and smooths the surface, and by closing (lie pores of the 
metal renders it eligible for gUding, — the proceat of 
which is now to be dfscribed. 

The first operation consisls in what the workmen 
term quickening, or preparing the surface of the metil 
for the amalgam afterwards to he applied : fott' 
purpose, the buttons, in their roi^h-burnisheil J 
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aie tiurown into a iohttioii of mercnrj and nitric ttdd, 
or '^ qtiicksilTer water^" in whidi, after haTing been 
stirred about with a wiik of amall twigi for about Byc 
minutes, the silver attadies itidf to the eopper, and 
gives to it an excieedingly wbite appearance. The but- 
tons, on being taken out of this solution, are washed 
through several changes of water, and when dry are 
ready for gilding. To form the amalgam, leaf or grain 
gold is dissolved in quidoilver, in the required pro- 
portions, as six or ten to one, by sobmitting Uie mixture 
for a short time, in an iron ladle, to a gentle heat 
stirring the mass, during the solution of the gold, 
with an iron rod. It is then poured into cold water, 
and afterwards put into a piece of wash-leather, which, 
upon being pressed, allows the superabundant quicksilver 
to pass through the pores, leaving the mass of a semi« 
fluiid consistency, and fit for use. 

In this state ^e amalgam might be spread upon the 
prepared buttons singly by means of a brush ; but to 
facUitate the operation, it is dissolved in a small portion 
of diluted nitric add, and in this the buttons are stirred 
about until their surfaces are sufficiently and equally 
covered by a deposition of the metalliferous ingredients 
of the menstruum. The next process consists in, what 
die. button-maker calls, drying off, or removing the 
mercury by volatilisation : this was formerly done by 
holding the buttons in a sort of shovel over a fire in an 
open hearth, and oecasionally shaking them in a felt 
cap to equalise the difiiision of the gold, and recover fo 
much of the mercury as the heat caused to stand in 
drops on the surface of the articles. Not only, how- 
ever, was the waste of the mercury, by this method^ 
exceedingly great, but the workmen were exposed to 
such distressing and fatal consequences from inhaling the 
deleterious fumes, that several individuals, particularly 
Dr. Lewis, set themselves to devise some means for 
lessening the terrible evil. The result has been the 
contrivance of a method, by means of which, the gilding 
of buttons, is render^ nearly innoxious, particularly 
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when pursued, as is generally ihe ease, onlj in alls', 
nation with odier employments. 

A (^. 93.) " 'he body of the modern gilfng iBf 
Fig. 93. 




lure, SB seen in front, outwardly composed of 
work, about fiTe feet high. In the upper psri is a strong 
iron cylinder, fixed in a horizontal position, and rar- 
rounded with flues from a fire-place Mow iL Thii 
cylindrical stove, which it four feet long aud alwnt 
two feet wide, is fitted at the mouth with a pair of 
iron iloora, and terminates at the farther end in ihf 
pipe B, communicating with the wrought iron vessel C 
This vessel, which is about three feet in diameter, ud 
thirty inches deep, is fitted inside with a partition of 
sheet iron, extending from the bottom to llie top, 11^ 
curding to the annexed plan {fig. 9I.). Over Set 
vessel is placed another, D (j!;. 93.), *( 
^- ^** similar diameter, but somewhat ih^ 
lower, open within, but closed ■! A» 
top by a covering of sheet iron, lyinj 
\ sorne inches below the margin in iht 
/ line E, and forming a shallow diten, 
whicli, like the taolc below, is filled 
with water. To the covering of flie 
upper vessel is fixed the metal pipe t, 
which pitsses in a direction slightly inclined to the cow- 
mon chimney. Fig.Q5, ia a cylindrical cage W»* 




or aitia, terminating at the near enil in a winch handle : 
h has lil:ewise a Email door opening al G, for the jnlro- 
dnclion of buttons intended to be gilt. 

When the buttone have received the amalgani, they 
are put into this ca^, which is then inlroilui^ within 
itove ; the farther end of the axis ii inserted in 
■ convenient receptacle, while the other is suspended 
bjr means of a chain depending from the roof of the 
^ding shop. The iron doors are then shut in front, 
having only a small aperture between them for the rod, 

that the stove is completely cloeed up. The handle 

now tumeil constantly about, and the contents of the 
*age successively exposed to the lieat and shaken to- 
gether : meanwhile, tlie fumes ritiseil by the volatilisation 

he mercury pass out at the farther end of the stove, 
enter the lower tank by the pipe B, traversing the 
labiyrintli in the direction of the darts, {fig-Qi.') until 
niching the centre, what remains of the effluvium 
Mtaaea into the upper vessel, and thence away by tlie 
Uclined pipe to the chimney. Ihiring the progress of 
fhe mercurial fumes through the water, condensation 
fakes place, and the metallic particles fall to the bottom 
~ the tank : a still farther refrigeration of the ascending 
pour lakes place in the upper chamber by means of its 
bead of water, and, finally, most of the remaining atoms 
■n caught in the inclined Que ; so tliat, on the whole, 
in a large mannfaciory, quicksilver, to the amount of 
teveral scores of pounds yearly, and which used to be 
suffered to fly away with the smoke, is now recovered 
hy (be above method. The buttons, after tlie £ __ 
ate got up at the lathe witli fine blood atone buriiistwsj 
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when they receive that rich lustre which cannot be nil. 

Tlielttw lakes cognisance of the quality of some kind 
of bnttons : by statute S6 Geo. S. e. 60. it is enacted, 
that any person putting folie marks on gilt buttons, OT 
any otha- words except gill or pbUed, or erasng taj 
■words except such as express the real quality, incun • 
penalty of forfeiting such buttons, and also 51. fot 
twelve dozen or under, antl 1/, for every twelve doiBl 
above that number. This penalty not to extend to 
those who mark double gilt and treble giU, provided ihU 
in the former sort, gold be spread equally upon ibe 
upper surface in the proportion often grains to theaor- 
face of a circle twelve inches in diameter, and in the laltti 
Bort, of fifteen grains in the hke proportion. In order 
to ascertain what shall be deemed gilt and plated buttOM, 
gilt buttons shall have gold spread equally upon iIk 
surface in the proportion of five grains to the superfiCS 
aforesaid; and plat«d buttons shall he those made out 
of copper, to which plate silver has been affixed pre- 
viously to the rolUng of the sheet. The gilding of 
144 one inch buttons with live grains of gold, shorn 
how small a iiuantity of that precious metal, when 
amalgamated with quicksilver, may be spread over s 
large surface of copper; and yet hundreds of grotsn 
are said to have been tolerably gilt with half thil 
quantity. 

Plated buttons are made out of aheet copper coveKd 
with silver, in the manner described under plating: it 
is, howeTer, chiefly in the article of livery buttons, vr 
others having raised heraldic or fanciful devices, letteflp 
monograms, &c. that this material is verj extensive^ 
used. For this purpose, tlie metal is very thin, tK 
silver being more or less in proportion to the copper, 
according to the price : the blanks being pierced out of 
the sheet, are stamped in steel dies, figured with t)K 
impression which is to be coramuoicated to ihc 
pitcc: this, from the comparative thinness anil wS* 
new of the copper, and the shallowDess of the W«t1« 
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■■ readily effected by a Eingle fall of the stamp Immmer : 
at the Game time, the die is go funn^id by being cut 
deeper than the diicltnesB of the metal, that the latler 
ia dished or tumetl up at the edge all round, eo as to 
admit of being lapped over the body of a founclation 
bntton containing the shank, Thi« ingenious operation 
E* performed by means of the fly press, in the following 
manner: — the plated cover or top, dished bb already 
dncribed, is placed, with the cavity upwards, in a steel 
bed, exactly turned to receive it, and so holloned out 
Umtrds the centre, at not to allow the figured surface 
to touch [he iron ; a circular bit of paateboard is next 
inserted, and over this the button containing the shank ; 
the bom or punch attached to the press screw, and which 
ifl properly hollowed out, is now brought down upon the 
article, and embracing the circumference of the flange, 
fiilda it neatly and firmly over the inner piece, so as to 
eOnstitate a light, elegant, and unfailing button. 

The cutting of the dies is a separate trade, and not 
only employs a great many hands, but calls into proflt- 
Me exerdse a large amount of operative ingenuity. 
The designs for buttons, whether fanciful or spedfic, 
are generally furnished either by the manufacturer or 
his tniatomeis; and the degree of excellence displayed by 
the artist employed varies considerably, from the com- 
laoaest cypher on a pewter button, to heraldic and other 
dengnH, the spirit of which approaches very nearly lo 
Ae exquisite perfection of numismatic die-cutting. 
■ Nor, it may he added, would any person at all ac- 
qo^nted with the matter indulge a moment's wonder, 
dHmld he be told that an individual daily conveiBi 
wMj such kind of work, and at the same time being 
lUiprindpled and needy, had been tempteil to turn his 
hud to the felonious execution of matrices similar lo 
thoie used in striking the coins of the realm. Of the 
,eapit«l invested, and the ingenuity patronised by the 
Birmingliam button makers, an imperfect idea may be 
formed from the fact that we noticed in the shop of 
Hr. Hardman, s celebrated manufacturer of that place, 
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upn-snl of teu thousand double sets of cut ateel die* S» 
livery buttons alone. 

Filigree buttona, not onlj of Bilver Emt of goldg in 
soTnedmes fabricated in very elegant style, dtber by 
flret piercing the metal and then folding it into Tarioni 
shapes, or by some analogous operation. Buttons mtds 
□f coins of the precious metals have sometiines ten 
worn by persona of fashion. Ben Jonson's beaDWoaU 

" Brabant buttons, all m; given pieces i" 

and Mr. Melliab, formerly of Biyth, and the nell-known 
turf companion of his late majesty when prince rf 
Wales, attracted the curiosity of gazers fay appearli^ 
on the race-ground at Doncaster, decorated with ■ pio> 
fiuion of «pade.ace guinea buttcns I 

No metallic ornament worn upon the male dna 
can surpass in splendour the burnished gilt button; 
nevertheless, such is the caprice of fasliion, that foe 
some years past, the taste for this elegant uticle Lh 
almost altogether given way to the use of buttrai 
wrought over with dlli or covered with cloth, so as to be 
uniform with the garment ; though the latter practin 
was in direct contravention of several statute* for the 
protection of the metal button trade, the penalties of 
which were frequently levied. The enforcement, how- 
ever, of sumptuary laws, which are, at the best, exceeds 
ingly obnoxious to reprobation, is litile likely (o be at- 
tempted in the present day with any other result than 
to effect their repeal : accordingly, the make and mat^ 
rial of these useful fastenings of the garment are kit, 
as they ought to be, to the taste of the wearer. Boon 
after the accession of William IV. to the throne, ■ 
deputation of the Birmingham button makers presented 
a petition, not in the usual way, through the aecretUf 
of state, but CO the king in person ; praying the rajH 
encouragement to their manufactures, very elegant ipS* 
-'■mena of whioh they exhibited. The deputatioti w»i 
ost graciously received, and the next day the kiD{i 
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queen, and the princes George of Cumberland and 
Cambridge answered the petitioners by assurances of 
doing all in their power to make the wearing of metal 
buttons general^ especially by themselves setting the 
example. This was done accordingly; but the sove- 
reign example appears to have been almost as much a 
dead letter as the statutory regulations inflicting pecu- 
niary penalties, of from 40f . to 51. per dozen, upon the 
person who should cover button moulds with the same 
kind 4>f doth as the coat. 
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The art of embossing eiubU circuUr pieces of met)] 
between steel dies, either to circulate as monej, ot u 
medals for the comraei(iDration of some pewon or event, 
a of high antiquity. MeUllic pieces of both these de> 
scriptians are found in amazing variety, and often in • 
stale of beautiful preservation, in the cabinets of the 
iniriouH : sometimes ihey are met with in turning up the 
earth, or in other eituations where they have lain for 
centuries. Ancient coins and medals, when gentiiM, 
and when their dates, legends, and pictures are l^ble, 
not only attest the progress of the numismatic an, bat 
often also tend to educe, connect, or corroborate ui>> 
porl&nt facts in liistory and chronology. Various eru£t8 
treatises have been written upon this interesting branch 
of antiquarian research ; and to these works dvil and 
ecdesiaatical history have been respectively indebted. 
The records of our own country owe much to this spedM 
of illustration ; and with respect to the coinage itself, in 
whatever light considered, the subject has been tobtt 
minously treated upon in the interesting " Ann^^ ~ 
the late fiev. fiogeca Ruiliug. 
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Although the ancients are allowed to have Eurpassed 
tile modems in the exquiule art of |i;tni engraving, thej 
appear to have made comparatively liltlu progreai in the 
<appBrentl; proximatt; branch of die cutting. Hence, 
notwithstanding that «otne coined pieces of ihe euly 
Braa of Greece and Rome present bold and striking de- 
vice, andj in some instances, heads that are taken for 
.lilfenesteii, the workmanship of the great mass of antique 
C^Ds aihnits of no comparison with that displayed in 
various precious stones, the materials of which, it might 
have been thought, would have presented ilifScuIties to 
■the artists far greater than those encountered in figuring 
■acb a material as steel. 

The imperfect execution of ancient coins appears, 
bowever, far more striking in connection with what we 
may presume to have been eKceedin^y defective ap~ 
pajatua for copying such designs as they might execute. 
The oldest pieces appear evidently to have been impressed 
hf striking the dies with a hammer, the blank between 
tbem being in the first place very imperfectly rounded, 
Bid then not only spread out very irregularly, but often 
iitnidc considerably out of the centre. In some caseSj 
they appear to have been cast ; and moulds for this pur. 
'jKwe, sometimes containing melal in their cavities, have 
'teen discovered in this country. It has been left to 
.^nodem artials, Italian, French, and English, with more 
perfect machinery, Co produce those splendid series of 
euna and medals which so justly excite our wonder and 
admiration. 

Most of the melals have at one time or oth^ heen 
used for coins, more particularly pewter, copper, brass, 
■ilver, gold, and platinum ; the former was coined by 
ItipB James in Ireland, and the latter has been introduced 
into the circulating medium of Russia : the other four, 
however, are most commonly met with in the state of coin. 

In most of the modem nations of Euro|ie, there were 
originally a great number of authorised mints; and to 
bow great an extent this system was carried in Great 
Britain, may be learned from a perusal of the local his. 
toiies of the principal towns, as well as from an inspec- 
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ion af the coins issued therefrom, which are stiU extut 
in collections. In England, however, for a conridersU 
period, there ling, with grest propriety, been oa\j one 
public authorised mint, under the imniediBte inspecdoD 
of ihe executive power ; which, while it gives the he« 
security for the absolute uniformity of the medium of 
exchange, provides, by the liberality of its eslabliihmcni, 
against any objection that could be formed to the ez- 
clusiveness of its privilegesr delivering out without d&. 
duction for wignorage, duty, workmanship, or ewa 
waste, the full value of all bullion brought in to be 
coined. To effect this object, the machinery, afterwiidl 
described, is of the most powerful and perfect kind' 

Notwithstanding this arrangement, there has been i 
variety of private coinages, for temporary purpotei, ef> 
fecied, if not by the connivance, certainly without my 
immediate interference of government ; these have been 
divided into three clasws — the old tradesman' » tokent of 
the seventeenth century; the liege piema, as they wen 
caUed, and other pledges for money issued during At 
civil wars; and lastly, the copper promueory notet fir 
halfpence, ^. which preceded the beautiful coinage in 
that metal, executed fi>r government by the late Ur. 
fioulton : indeed, the latest specimens of tlieae Im^ 
copper tokens, aithough authoritatively ESppreaaed, tte 
scarcely yet quite out of circulation, A few years ^D 
private tokens, ostensiUy of silver, and even of gqii, 
were distributed ; until happily superseded by theabmi' 
dant and beautiful coinage of those meiats now in lue. 

AVithout going farther inlo the sutgect, it may be re- 
marked, that gold and silver money was for maBJ 
centuries the only current coin of this kingdom ; and 
that copper was not issued by authority till some time 
after the restoration. In consequence of the general ex- 
tension of trade, and especially of the relaQ trade, a) 
the bulk of the people increased in wealth and codH- 
^ much inconvenience was found to arise from Ae 
want of some pieces of smaller value, to serve as ehanjt 
for silver money. For though silvet pence, and even 
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halfpence^ wne dva coiiud ; f« maat, m nnbentm 
obterveS) a mum Kghc luspe & (iasBOi «v ap» #€ A«» i« 
hit pane, and uanAf be aUft » <tiae a»«r elM» «ifk 
a microaoope, it waa nut ai> be «X9«atit dMT Aey ilMikl 
CYer come into ntfaiin amvAvnam. Ia thia iilnwia 
the device of tokow waa hie wgua, aaii aafsvly l iaip m i, 
till erery petty tiadcaMB had hia pkdy^ Aw a hail* 
pomy, paydbUf m Mkcr^ la Oe Vvrvr, «» 4timm4f m 
hia ahop: vpoD ^ ci«fit al whack k tktmUmt d^ 
pended, wlMiMr d^y ihawtd am i late thwigK «»it «r 
two atreeli^ a whale tawm, or to aaaaa dwiaact hi the 
ponntry xoond. 

The Tarioua immtnmkmnt arin^ fw&m thcae tohena^ 
particidady the ob i i<w a waat of tecwity to the aeceptor^ 
^rom the fieqaeot in ao grign cy t4 die lamcr^ m^t 
eaaily have beca obviated by a copper eainaipr mder die 
aaduwity of go t ema ieat; b«t to dii* KUxaheth eoiUd 
never be penoadcd. Her aocccaaora, Jamea and Chaiiet, 
laaoed their reapectire farthing U/ktht; wbieb, diough 
not dedaied by profhimarion ao aodioricatire tender in 
paymenty yet ftom the tupmoritj of die iecurity^ 
they in great measure nipeneded the prhaU tokens, tlU 
the unhappy end of the latter monarch destroyed the 
credit of his coins : after which, during the common, 
wvahli, and under Cromwell's usurpation, private presses 
urere again set to work with greater activity than ever ; 
and continued to supply an abundance of halfpence for 
praodation, till the year 1672, when they were sup« 
pressed by proclamation, and a regular coinage of half^^ 
pence and farthings, such as those which immediately 
preceded our present copper money, was issued under 
the authority of government. 

Gold bullion is mostly imported by the Bank of £ng« 
land, and is usually transmitted to the officers of his 
Majesty's mint in the form of ingots. The metal is 
^ried by the assay master, previous to passing to 'the 
manager, and alloy or fine gold placed with it in the 
melting pot, according as the ingots may happen to be 
better, or more than in the proportions of twenty.two 



s alloy, nhich Ie the EngUsh 
gtandaril far money. The golil is melted in black lead 
crucibles, in an air furnace about one foot square, am! 
eighteen or twenty inches deep. The fuel condsU of 
dean cokes, first ignited by means of a layer of charcoal, 
aud heaped somewhat above the month of the melting 
poE, which is coTered with a sort of muffle : each pot 
contains an hundred pounds of metal, though sometiniet 
more or less, according to circumstances. Wlien fbiion 
has taken place, the metal is stirred with a rod of ainiikr 
material with the crucible, in order thorot^bly to mix 
the gold and alloy. The crucible is then withdrawn, 
by means of tongs, and its contents poured into maulili, 
the matrices of which yield bars, ten inches long, feTOi 
inches wide, and an inch thick. These are assayed; 
and, when reported of standard quality, they are ddivend 
to the money ers, to undergo the subsequent operation). 
Silver bullion is generally imported in ingota WNgh- 
ing from fifty to sixty pounds troy each. Aa in Ibt 
case of gold, the silver brought to the mint is first M- 
sayed to ascertain its relative purity, which in the pot- 
ting is computed to become of the proporUons of elevBi 
ounces and two pennyweights fine silver, and nghlaai 
pennyweights alloy, which is the money standard. SiU 
ver is melted in very strong cast iron pots in the fonn 
of the letter U, and contaiTiing from 400 to 460 poundi 
troy each. As these pots are round, the furnaces tK 
built with circular flre-places, about thirty inches deep, 
and twenty inches in diameter, having a metal stand or 
pedestal at the bottom, upon whicli the pot is placed: 
the mouth of the pot is covered by a muffle, and cokes 
are used for fuel, as in the melting of gold. Formerly 
the melted metal was transferred from the pot to atnd 
moulds, by means of an iron ladle, which was noC 
only a difficult and wasteful method, but by dissipating 
the alloy in consequence of the stirring of the mtK, 
frequency so refined the silver that the melting had to bt 
repealed. At present, not only are cast iron ingot monldt 
used, but ^e pot is at once conveyed from Uie AmuCt 



by means of a cnae aad ap p w p ria te t«ckW» iihI pUcwl 
in what is called the pooriog frame. Thit lasUnamed cotu 
triTsnoe eoosists of a icctangnlar ttmelwre of iron hu^ 
under which a carriage ii made to moYo akwift a railway* 
and upon which carriage are placed the mouldsy acrewod 
together in a row : the pot itself is so fixed in oon* 
nection with a quadrant rack, that by turning a bandit 
it is inclined, and its contents poured into the moulds, 
each being, for this purpose, brought under the pot in 
torn, by the slightest movement of a winch handle, 
whidi, acting on a rack, advances the carriage along the 
railway. In the melting house at the Mint, tliere are 
elg^t furnaces, two of these pouring machinep, and two 
eranes for transferring the pots, escb crane traversing 
between four furnaces and an adjacent machine. 

The bars of silver having been assayed, and pro* 
nonne^ standard, are in the next place anmraliMl by 
heating them red-hot, and afterwards passed betWMm 
ToHeny to reduce them to sheets. Gold iMrs, se uktm 
from the moulds, do not require to undergD this Un^ 
ing;, as they do not show the least tendmcy lo crsdk m 
ifne edges wh^ Isminated The roUioc »pp9num M 
the Royal Mint chiefly diflifrs Uom ihmt niamdf 4*» 
scribed in these vohimes for the flstthiis ni mnuik, m 
the besnty and soUdity displayed, mtd the puitM wmif^ 
ii^ of an its pans. ¥rht» $lm miiui, wimtdm isM ^ 
stfvcr, lias becsB vtAmud by rMtti^ mmrif m dUr «Miv 
or Aiftngw s ngfotM, k kmt htm *^» 4/ idU lm $M ^ 
of two cmMy Mt hy ln^«r 4iimn, ^mn ^ m (wMmmf^i^ 
ifom ff— ivjm jnuwm^ Umd^^iM^iier^, jmmv mA mmi^ 
loOos, jBk^ <^it«» mm^ ^iNvm^ dUmt muM^,. (M«^ ^Mi^f 

#dhcr ^ itiSW :: -i*/ ;>44t»a«^r Mtt ^v^ M^\r- ,i^iA4- ^ 




430 COININQ. CHAP. Xt. 

required. For the securing of greater accuracy of riw 
than could be obiaineil by rulUng alone, these slips ore 
afterwards pulied, by means of a pair of nipperB and «a 
endlesK chain, between two steel dies, which opratle 
upon the metal in the manner of the place or whortle la 
wire snd tube drawing. The attainment of companihe 
accuracy in the sizing of gold and dlTcr, preTionsly to 
the stamping, is, as will easily be conceived, an afikir 
of great importance in the moneyer's art, inasmuch a> 
it renders the pieces less liable to that variation in 
weight, the remedying of which, by any separate pro- 
ceis, is so tedious and difficult. 

The next operation consists in piercing the blank 
pieces of a circular form out of the strips of melal pre- 
pared M above described. This is done by a fly-pren 
or cutting-out machine, constructed by Boulton ind 
Watt of Birmingham, on the principle of that ftr 
which, in 1790, the celebrated Matthew Boulton of the 
Soho had a patent, and which machine he then applied 
to the stamping of the fine copper coins minnraetured 
for government. The material parts of the fly itadf 
differ but little from those of the onlinary apparatus 
known by this name, and used by but ton-m abets and 
numberless other classes of artizans. Through a stout 
cast-iron body passes a screw with two or three wonm, 
which cause it to descend rapidly : the lower end of 
this screw is attached to a square piston, which bSiea 
up and down through a guiding bo\, so as to have gieit 
firmness and evenness of motion. To the bottom of 
this piston is affixed a circular steel punch, exactly the 
sixe of the piece to be forced out of the plate, aod 
working, when farced downward, through a bole of 
corresponding diameter in a steel bed below. There is 
likewise placed just over this bed a thin iron plate, 
through which the punch also passes, and which aerretr 
on the rising of the screw after the stroke, to detach ibi 
metal from the punch after it has pierced it, and allow 
it^nt replacement for the succeeding atrolte. 
, The chief feature of novelty in the construction of ibil 







to the tcrew, or, in other noidiy gmnff the itnfce* 

xontal lercTy w c4 s h> i^ s^ <n>* iod to giie the 
momatam to the mmAmt, lo in the 
Insteod, however, of wariiiDg die pene by 
pnohmg hedL and poDhig I mw md tbm indghted 
cither by menie of a ooid m ni a. depcadfam bwdDe^ 
as in the ordinarj method of esttinf ent ibeet necil, 
diere ie a Tcrtiaa apindle aCtMfacd to dM top of die 
main aeieir, and made to work attadily by memw of • 
coUar at die upper end, in wlndi it io allowed a ainiM 
degree of motioD upwaido and downwaidiy eoffeapond* 
ing to the riaing and fidling of die aeiew. Upon the 
top of diia ipindle ie fixed a bent lever, one end of 
which terminates in a frictiooHvOer, and to the other end 
is linked an iron rod : die porpose of these contfivenees 
shall now be ezphdned. Twdre of these cutdng-ont 
presses are firmly fixed by means of set ews on a stono 
basement, aroond a cirenlar room in the Royal Mint, 
and in die centre of whidi revolves a large horisKmtal 
fly-wheel ; and paralld therewith, and on the same up* 
right shaft, another whed, having on its marglDf at 
eonsiderable intervals, cams or large obtuse cogs* This 
wheel rerolres exacdy in the plane of the bent upper 
krer above described, so diat as the cams strike in sue. 
cession die roller ends of each lever, the latter is puvhod 
back, and dius winding up the main screw, raises the 
pondi diereto attached above the bed, sufficient to allow 
of die introducdon of the strip of metaL The moment 
the cam has passed, and the lever is at liberty, it 
tnvings back to its former position, thus forcing down, 
die screw, and piercing the blank coin out of the metal 
by die pimdi in the die. To effect this return motion 
of the lever^rm with a degree of force sufllcicnt to give 
die stroke, Mr. B<^ton adopted the fc^wing ingenious 
contrivance : — The iron rod mentioned above, as b»ng 
attached to one end of ^ lever, is eonnecied, by mesne 
of a erank, widi a piutton woridug very d^y in an 
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cKhauBted air-cylintlcr , go iliat every time the cun 
mov«B ihe lever on its ajLis, bo sb to pull the rod, this 
piston is forcibly Urted, and a vacuum consequently 
formed in the lower part of the cylinder ; anil the 
moment the cam has paeaed, the piston is suddenly 
driven down again by the preanire of the atmosphere. 
This action takes place exactly upon the same prindpk 
08 that which is exhibited when a person pkces his 
finger upon the perforation in the end of a syringe, iDll 
then draws up the plug, which, on being teleaaed, h 
found to fly back with a degree of force corresponding 
with the diameter of the tube, and the complelenesi rf 
the vacuum formed witliin. The rebonnd of the strdie 
of the cutting-mit press is met by an upright piece of 
wood, against which the lower, or weighted lever aim, 
strikes, and rests until the next cam renews the rootioii. 

After the blanks have been cut out by the machine 
just described, they are in the next place sized, I. s. 
reduced to the standard weight : this is effected by 
filing such as are too heavy, tile light ones as they 
occur being thrown aside to be remelled- The extreme 
nicety obtained by the perfect machineiy now used in 
flatting the metal and cutting out the blnnka, renden 
the business of the Eizing-room much lees ttresonie and 
laborioua than it was formerly. When ailjusted as 10 
weight, the pieces are annealed by heating them, ■ 
namber together, in s reveiberalory furnace, unlit th^ 
become fully red.hot. They are in the next place picUedr 
by boiling tbem in diluted sulphuric add, out of whldl 
they come very clean, and of a beautiful colour. Alter 
diey have been dried in hot saw-dust, and wiped eWn 
out of it, they are ready for milling on the edges. 

The tnilhng-machine, of which Jig. 96. shows the 
plan or face, cdnaists of a stout plate of iron atiacheid ta 
^e surface of a wooden block, raieetl to a convenient 
height for the workman to stand beside it to tnanage 
the operation. An axle, having a pinion or cogwhtd 
in the middle, and a winch handle at one end, is fixed 
aerosB the plate in twi upright bearers. This pinion 
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n into the teedi of a mk made to dide in a grooi% 
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ke direction of the length of the pkte^ and kepi im 
Kwidon hy two over-lying chuiip*piecet. Attifhed 
le side of this rack if a steel bar or mkr, ftoeij eat 
s the edge ; and- opposite to it, al the MtHnte of 
iiameter of a ooin^ Hai an immoreable hir, wbaSlmfy 
>n the adjacent face. This bar Is kepi fmt dtmm li 
loeidon by means of two screw-danipay vkddi wuj 
xdiaoged for others, and the btr remowed muu 
' set futber fiom tbeslidifig oae psnlklsoil'— * 
adapting the marfiine to tlierfaeof flie 
lined. Two pieees, as feprawmed fm Ike 
lied at ones by a bey, wfcUe a mtm^ by 
a retololioB of die handle, fjeOs ihe fftmi 
two rsdosy wImb dbey MMMftve hmm 4m 
peaiBar aadms tifiWi <f ely wbidjiweast Is 
■or gcJd mA mh^ €mm. Ttm ^^mt^itf «Mi 
by ia eonspgnenioe «f immAi fmom^ a l>oy myfijep 
ffwowrw iftir iiias4f> im m/imm m4^ itie ^lekAif ^ 
wmAautf » yterj t^aMn% ¥^ a doobuMS^ Tim 
t of thus niUii^ i/^ ^ fiupviAitL ^ ^mm ffm^ ^0m$ 

I «» ipJM» aauu^y fise)^KHtfi'y ^ 44is j»r<»M*<i|im^ 
nery fefjiMsntl^' M^. 
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strong cast-iroD body or frame, firmly fixed with luge 
nuts and screna to a soliil stone basement. The upjief 
part contains a brass box, through which works perpen- 
dicularly the main screw B, the worms of which Me, 
however, so inclosed within the metal as not to be tfcen 
on die outside. One of the eteel diea which strilce Ae 
ann is fixed, by means of four side screws, in the bdl 
C, at the lower end of the main screw ; the other Sit 
U fixed in a bos resting on the bed of the presa at Ifc 
The loaded lever-arms E E are calculated from thdt 
momentum to communicate a sufficient force to tibit 
screw, in its descent, to give the requisite imprdsioii tD 
a piece of blank coin, when placed between the dies. T1& 
motion of the ecren is communicated through the comod 
piece F, the upper part of which is acted upon If 
machinery connected with the steam-engine in so apail- 
uent over the coining-roam. There are eight of theN 
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cmning prenes placed in i row on one floor at the Royal 
Mint. 

Bach press is contained within four stout oak pillars^ 
rising from the basement to the ceiling of the room. 
Between these pillars^ and attached to transverse iron 
braces^ are placed blocks of wood^ against which the 
lever-arms £ £ strike, so as to prevent the violent de. 
scent of the screw from forcing the hardened steel dies 
into contact^ by which means they might be broken. 
An ingenious method is adopted for retaining the coin 
during the moment it is receiving the impression^ and 
afterwards for removing it from the die. The sub- 
joined sketch (^fig, 98*) gi^^ ft side view of this contri- 

Fig. 98. 




vance^ as detached from the press : a is a steel ring or 
collar, by means of which the centre of the blank piece 
of coin is kept exactly to the centre of the dies^ while 
its circular form is also thereby preserved. This collar^ 
passing over the neck of the die^ rests upon a steel 
spring with three prongs, two of which are shown in the 
cut. This collar is made to rise and fall by means of 
the two small levers h h raised in joints on the boss c c, 
through which the lower die passes. To return to the 
press : these levers are slit at the extremities^ to admit 
the lower ends of the vertical rods G G G G : the upper 
parts of which pass through the circular plate H^ on the 
collar of the main screw^ so as to rise and fall with it^ 
and thus^ by acting by means of the rods upon the le- 
vers^ to raise or depress the ring upon the neck of the 
die. When, by the power of the steam-engine, the 
screw of the press is turned so as to raise the upper 
die, then, by the action of the rods and levers^ the ring 
is just so much depressed over the lower die as to form 
a little cell or cavity for the reception of the blank which 
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hu to be pland ihrrein : dten, by die letnni motioa rf 
the main screw to make the ilroke, the rodi '—■■'■g la 
■ct DpoD the leTen, the tnph ipriag throwi up the eo)- 
lar esicll; to the height of the coin, and at the uaw 
nioineiit Ac dies eome towarde facb other, and the im* 
preasion, ai once, is made on both aides of the piece. 
By the recoil of the pren the nuuD icrew jnal oK* 
mffiritfiitly for tfa« vertical rods to act tipon die leioa 
besides the die, ao as to depresa the coUar, and leave ttr 
coin fr«e for reiDovaJ. The box S, at ibe lower aid iC 
the screw, and which hai a prqecting knob made I* 
move through a part of the outer circle of a dmilar bn 
bdow it, is designed to allow the screw to tnni nmod • 
little, independently of the die-box, and by thia meana 
prevent that otherwise slurring and injurious motioD of 
the two dies upon the piece, immediately on their ae- 
paration after the stroke. 

We now proceed to thew how the coining pftw a 
made to remove every piece of money aa soon at atmck, 
and to supply itself nith a blank piece. L (jFf.97.) 
is a lever, attached by a pin at M to an upr^t bar K, 
rising from the cheek, and braced to the neck of die 
press: the npper extremity of this lever passes ihnngb 
the groove of a sector, O, attached to the top of the 
screw, and the face of which is delineated in the marpB, 
[fy. 99') - when the screw toms round, the groove in the 
sector, being of a spiral nine, 
moves the upper end of the levo-li 
C/ff' 970 alieniately towani* and 
from the screw, while the Icnm 
■ farther frotti the fnU 
s through a comodt^ 
' able space to and from the prt»: 
this lever gives motion toadldiBg 
apparatus P, insetted in agnold 
piece Q, attached to the cfaedkif 
the press, the slider bdng so contrived that one of Ih 
exlretnities will move exactly to the centre of llie Mh 
Cice of the under die and back again. 
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akiBdof ■ocketiBniuditbedidertfmofw: tfaii locket 
is attadied to die pim bj tbe pin at e: the ilider 
(/g. 102.) kmade of iheet tted in two pieces, d e, which 
are united by a joint at^ thna fonning a aort of nippen 
widi a eirealar cavity at one end, and which, when the 
imtmment is dosed, as r ep res en ted in the cut, gnwp the 
piece of money by the edge, but when opened, allow it 
to drop oat : the limb e is opened and shut by the same 
movement whidi actuates the slider. A plate^ (fig. 103.) 
ia applied beneath the socket a 6^ and having on itsedgc^ 
which ia turned up beside the edge of the socketi a pro- 
jacting pin adapted to the fork in the bwer end of the 
long lever above described* By this means the sliding 
piece is made to move on the outside of the loeketi bdng 

FF S 



L 



laid in a langitudinal gutter, and leapt Bteady bj the 
overlying slip of metal x. The sliding piece is tmAe 
ta moTe tlie st«el slider nithin the socket bj means irf 
three Bquare studs projecting upwards from the battam 
plale (fig. 101.) : these studs likewise operate in opening 
and shuttiog the limb of the slider, as it is carried alter- 
nately backwards and forwards by the motion of the 
lever. The elevation b {Jig. 100.) represents a slit Ube 
placed upright on the socket : this tube is adapted ro 
jeceive the blank pieces of coin ; it is open at the bottom, 
so that the lowermost coin of the pile always rests upm 
the surface of the steel slider. When the main soew 
of the press is down, or, in other words, at the mmnent 
a coin is being impressed between the dies, the slider is 
drawn back, and thejointcd part moveda little outwards, 
BO (bst the circular cavity at w is exactly coincident with 
the bottom of the tube b, where it receives and biddi 
fast one of the blank pieces. On the return of the screw, 
the slider is driven forward over ttie die, in its progren 
pushing off the coin just struck, and depudting in its 
place the blank held in the circular nippers, which, for 
this purpose, ate made to relax their hold as soon as fiie 
screw begins again to descend. The descent of the main 
■crew, acting, as before described, by means of the ver- 
tical rods, raises the collar on the neck of the die, and 
thus encloses the coin : at the same time, by the tctian 
of the side lever, the slider, having deposited one blank, 
is taken back in the socket to receive another from the 
tube by which the press is supplied. 

Medals are produced by a succesuon of operations 
very similar to those employed in coining. The blanks 
are generally cut out wiOi beds and punches by means 
of a tly press : sometimes ihcy are rounded and ad- 
justed witli the file, ot even cast in plaster monlda; 
the latter course is occasionally resorted to in making 
large medallions with figures in very bold relief. Tht 
extreme exactness required and attained in the WMght 
of coins at the Royal Mint, by means of the siring ma- 
chinery, has already been mentioned. It is, perhaps. 
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more dilBcnlt to attain eqaal prediion in mitcb lar^rr 
pieeet; at all events^ it if a point not always attended 
to by foreign nnmiimatiits. Dr. Gregory once men- 
tioned^ in a lecture, that " two scientific EngliahmeB 
of considerable eminence had Just before been com- 
plimented by a medal of, he beliered, 10/. Tahie, by a 
learned society abroad, on account of some elaborate 
and very Yalnable researches. 'Wlien the medal arriTsd, 
it was accompanied, as the lecturer was informed, by 
fneces of sOver coin of more than 1/. in value, that the 
medal, whidi was cast too small, might, by such 
'make-weight,' want nothing of its declared worth I** 
"Who can imagine that any London or Birmingham 
medallist would have been guilty of such miscalcula- 
tion ? '' This case," the doctor Justly added, '' may 
be contrasted with die results of the operations of thf 
British Mint ; in which he had been assured that on a 
recent examination, when sovereigns were put to tha 
test as to their weight, it was found that out of lOOOi 
500 were quite correct, 200 varied only by half a grain, 
100 more three quarters of a grain, and the remaining 
100 varied altogether a grain I ** This is an instance oi 
sorprising accuracy ; especially when the various pro. 
cesses through which every single coin passes are taken 
into consideration. 

Medals, as well as coins, are sometimes impressed by 
means of a stamp similar to that used in striking 
buttons, and figured in the present volume at page SSO*, 
and sometimes at the screw press. The former mode is 
preferred, when the pieces are not of any considerable 
dse, and of so soft a metal as neither to endanger ^ 
breaking of the dies by {he stroke, nor to require its ft^m 
qnent repetition. In pewter, and, when the blanks are 
■mail, in other metals also, a single fall of the stamp 
hammer u generally sufficient to efibct the impression* 
It was by this method that the immense amount of 
local tokens, brass, silver, and even gold, at one time in 
circulation, were manufactured. Few periMms pos- 
sessed of any curiosity on tliese matters would visit 
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Birmingtitni, without going to Bee the show rooms ind 

workshopa of Ml. Thomason, where, sloog with dw 
ijiaking of the most exquiate and costiy article* is 
copper, brass, or-inolu, and the precioua metals, dw 
manufacture of all sorts of iDedala is carried on lo i 
great extent : in this interesting ealahlishnient the 
eperatiot] of scamping the piece* may be witoemed M 
great advantage. 

When, however, medallions are to be impressed, a 
KKW'ptess, and louKtly of the annexed figure, is em^ 
ployed (fig. 1 04.) : A is the body of the press, formed of 

fig- 104. 




caat iron in a single piece, about four feet high and 
three feet wide towards the bottom. It ia of great 
iveigfat and strength, to withstand the chance of fraclote 
from the immense power applied when it ia in uib> 
Inside the boss at B, works in a brass box a Tery 
stout serew, having three or four threads, that it may 
descend rapidly. The bottom of thi* screw falls UpMU 
but it is not in any way attached lo, the top of the piilon 
or thick cubical piece of iron, working smuothly up and 
down in the guide box C. To the lower epd of thi* 



]pbton in liBied one of the hardwifd rtcd dio, cognred 
m ereus, with the pictme and iafoipiioD intciuled for 
l}ie reverie tide of the medal : the dedgn of the obrene 
is acnlptored in the die D, which is fastened solidly down 
upon the bottom of the press by means of screws, and 
in ndi a positioo, as that when the upper die descends 
upon it, their engrared diameters ihill be ezaetlr co- 
faiddent In order to make a stroke, the steel collar 
E, the inaidc of which eorre^ioDds widi the circum* 
ferenee of the medal, is placed upon the lower die, a 
amaU neck being torned thereon to reoeiTeit : die blank 
ia then laid inside this collar and upon the die ; after 
which, tltfee or fbor woikmcn take hold of the handles 
G, H, I, K, on the pondcnwa castjron fl j.wheely and 
turn it so as to wind up the screw, which done, they 
at once run round with the wheel in the amtrary di. 
rection, thereby causing the screw to descend with 
great ydodty, and by its action upon the piston, to 
drive the dies together with immense force. The ex- 
pansion of the metal, in consequence of the pressure of 
the dies, will cause it to stidc fast in the collar, out of 
whidi it is driven by means of a plug of wood and a 
ha m m er . The medal, if of silver or brass, is now 
annealed by heating it red-hot ; and when cool, it is 
pickled in dilute sulphuric add, after whidi it is sub- 
jected to repeated strokes and annealings, more or fewer 
tt the impresdon may happen to be bold or otherwise. 
When the medallion is large, and the figures in a style 
of very high relief, from fifteen to twenty strokes may 
be neoessary to perfect the impresdon ; and sometimes, 
for a aimilar reason, the article is first cast in sand and 
finidied by striking up in the die, in order to give that 
diaipness of figure and smoothness of surface upon 
whidi the beauty of the medallic art so much depends. 
The edges of medals are dther left smooth, or milled 
in a manner dmilar to coins, or else lettered. In the 
former case, very large medals are sometimes finidied 
separatdy at the lathe ; in the latter the edges are im. 
pressed, dther by the means of a sted ruler with the 
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legend engnven thereon, or b; the following ingemon 
conlriTUice. Ffs.iOB.iepmeata whst ia called tb 
divided ccllai, inTented. by Mr 
J%' !<*• Droz, for Biriking money or me. 

daU with letters ronnd the edge 
The ODter man ii a Btron) 
i hexagonal iron die : into the at. 
I cnlar opening in the centre, di 
' Bted segmenla are fitted, kar. 
ing, by the arrangement of thdJ 
innei facei, a apace the die ol 
r medal : upon these faces ia engraTed tbi 
legend intended to be impreued. By an interim cod- 
trivance the u^menta are fitted upon centre fina, so thai 
each riaes and falla a little aa if on a ceitre. 
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or mi nocm. — xLBcrmo-cvmiCAL di 

nOV. VOLTAIC AmMAMCEMMWn^ KlMCnO'MBAU.CWBtCAM. 

WOGD-CTTS SLBCTBOrrrKn. GLTTMOCaAnnr. — CALVA1H>- 

OBAFBT. OALTAVOGLmrr. XACVRO-KLBCIBiC MACHnTBib 

— rLATino BT MAcyno-cLccTEJCRr. — rLAiuiG Bouraom* 

— XLicno-Giuiuio. — rt.hnmi%Gf nc 

Early in 1859> it wai aDDomieed that Profowr Jaoobi 
of 8t Petenbuig hid made a disooveiy ''of oooTertiog 
any Ene^ howerer fine, engrared oo copper, into a relief 
by a galvanic proceiB;" and aboat the lame time, Mr. 
Spencer commonicated to the LiTerpool Polytechnic In- 
stitution, that he had effected the depodtion of metals by 
vdtaic agency in sndi a manner, as to obtain by the pro- 
cess fsc-similes of medak, engraved plates, &c. This was 
the origin of the Talnable applications which have been 
made of the electro-chemical powers of corrent electricity. 
We hare not now to deal with the claims of riral experi- 
mentalists, all whidi most be settled by the date of first 
publication. Professor Jacobi's first announcement in 
this country dates the 4th of May 1859; ^^- Spencer's 
the 8 A of May 1 839 ; •od Mr. C. J. Jordan's the 22nd of 
May in the same year. That these experimentalists were 
pursuing independent inrestigations there can be no 
doubt ; therefore they must share the merit of the dis- 
coTery between them. Mr. Spencer, however, published 
the first complete development of the process of the 
electrotype which has since become so valuable to many 
branches of art and manufacture. 



Fig. 106. 



Since it is not our intention in this treatise to do mare 
than describe the principsl features of electro-metallurgy, 
it is unneccMary to enter fully into tlie pltilosophj oC 
the Eut^cct. A few preliminary remarks on the lav re- 
gulating eleclro-cheniictd decompoEition, appear, how- 
ever, to be necessary. 

If a piece of iron is placed in nater, it rusts ; that isj 
It combines vith the oKjgen of that fluid, faming oxide 
of iron, while hydrogen escapes. If the metal ziuali 
Bubstiiutfd for iron, a similar change lakes place, ud 
oxide of zinc is formed. Now, supposing some acid, ii 
sulphuric acid, is added to the water, the oxidation il 
(juickened; and ilie coating of oxide formed being re- 
moved as rapidly as it is produced by the 
scid, and dissolved as sulphate of sine, the 
destrnction of the zinc is much more rapid. 
Now if, as in_^3. 106., we connects copper 
wire with the plate of zinc, and plunge 
these into water acidulated with sulphuric 
acid, we slial] find some new conditions are 
eitabhshed. A stream of small bubbles of 
gas will issue from the point of the copper 
wire, and the action on the zinc will be 
Been to be very energetic, the copper wire 
remaining perfectly untarnished as long as 
ihia action may be continued. 

This may be regarded as an elementary voltaic 
which in its more complete form is represented ii 
accompanying figure {^. 10?.). Theche- 
mical action commences on the zinc plate 
z; the relation is exact between the quantity 
of oxide of zinc formed and water de- 
composed ; and every change of form ia 
uniformly attended by the development of 
a constant equivalent of electricity. This 
electricity passes to the copperplate e, and, 
circulating by the connecting copper wire, 
remma to the nine, forming thus what is 
termed an electrical circuit. Any number 
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etro-cbemical batteriee are of Tarions fonni^ and of 
ferent degrees of exoeOence; foradcseriptiooof whidr 
i reader is referred to that ▼obune of the CMnei 
chpmdia decried to EkdrieUg* 
It has been discovered to be a law that ihe dectricity 
rddped during the formation of a given quantity ojp 
ide of sine, will effect the decomposition of an equi-* 
ent of another metallic salt in solution. For example^ 
ppoaing 58*9 grains^ or one equivalent of zinc, was* 
iverted into oxide^ and all the conditions were complied 
tb^ an equivalent or 31*7 grains of copper would be 
scipitated. In practice, several methods are employed 
* effecting this decomposition in the most convenient 
mner^ and determining the arrangement of the preci- 
;ated metal on the object of which we desire to obtain 
;opy. The most simple methods are the following. 
We require an esuict copy of a medal: the first ope- 
ion is to cover the side which we dd not employ with 
\x, since if the metal was deposited on all sides, it 
old not be removed without injury. A copper wire is 
und round the edge of the medal, and the other extre- 
ty of the wire is attached to a stick of zinc. A porous 

*' A Treatise on Blectridtj In Tbeory and Pr«ctlpe," 1^ Aug* Dt It 
'e, f hould be ootMolttd. 
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nwore cell la convenient ; in this the rod of sine is 

placed, and some dilute sulphuric add ; this 
arrangement is placed in another vessel, F^a- '09- 
nhich is filled with a fiolution of sulphate of 
copper (fig. lOg,), All being thus ad- 
JDBled, chemical actii 

zinc, and an equivalent proportion of elee- | 
iricity IB developed ; liio psB&ea by the 
wire to the medal, and on its surface 
effects the decomposition of the Bulphate of j 
copper : pure metallic copper being preci- 
pitated in a coherent sheet, the electricity l^ 
passes through the solutions and the poraus 
cell, thus completing its circle of action. 

The porous earthenware celHsnot absolutely necessuy; 
a mere tube of any kind, not metallic, having a pDroiB 
diaphram tied over its lower end, being quite luffidetrt 

Since it is not our intention to deal with the ini- 
nuliffi of the electrotype processes, it will not be nece«Mry 
to examine all the minor details, but to attend to those 
merely which have rendered theart of electro-metallurgy 
available to the manufacturer. 

It is found on the larRe scale generdlly the more 
economical mode to employ a voltaic battery, and K 




eifeot the decomposition in a separate vessel. Thus in tta 
accompanying akeich (jJp. 110.) is shown a aingle fui 
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of nnc and eopper plites ia one wemd^ the wires (rmn 
each plate hebig carried into anocbcr. Thin necoiid 
Tesiel contains the metallic ■olutiwi^ the dseouipoMitioii 
of which we dettre to d&ct. We nmet now exaininn 
what takes place. If die wires were eonifeyttd into a 
vessel containing wafer only* oxygen gas would 1m 
liherated at the end or pole of one termiiial wir«, and 
hydrogen at the other. In the case of a solution of 
sulphate of copper (solphate of oxide of eopper h wm 
hare the oxide of copper robbed of its oxygen and prtf* 
cipitated in a metallic state upon one wire, whiln ilut 
liberated oxygen is disposed to act upon tlie oth«r. 
Advantage is taken of diis to maintain a solution of 
sulphate of copper of uniform strength. Let us sup- 
pose a medal is suspended from one wire, and that a 
pUte of copper is attached to the other^ cop|H*r will bo 
precipitated on the medal, and, for tvery grain so t\f* 
posited, a similar weight will be diisolved from tlie 
plate^ as sulphate of copper. Not to enter into an 
explanation of the sequence of changes which occur, it 
will be sufficient to say that, as a portion of tlie huI- 
phuric acid of the sulphate of copper is liberated from 
the metal which is precipitated, it attacks and com- 
bines with a similar portion of metal from the im- 
mersed plate. By taking advantage pf this, we msy 
effect an engraving on one plate while we are precipi- 
tating metal on another. Tlds would be thus produced : 
— Take a copper plate and cover it with wsx, or sn 
ordinary etching ground, then with an etching needle 
make your drawing, taking care that every line is cut 
through to the surface of the copper. Since all the 
parts of the plate, which are not intended to be 
etched, will be thus protected, the chemical action is 
carried on only on those parte left bare; these are 
eaten out, and an engraving to any depth may thus b& 

obtained. 

This is not, however, a practice usually adopted ; it 
is found that extreme care and constant watching is 
leqniiedy lest the acid should, having dissolved the 
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tnetal ftlong a line, eat its way under ttie WrX, ud 
thus produce a rigged line, from which the printed 
impression would be defective ; therefore, but one pro- 
cess ia allowed to proceed at a time, - 

The cleciro-^hemical precipitation of copper hu 
been carried to a great extent by Meure. ElkingUm of 
Birmingham, in the reproduction nf the beButtfol wntia 
of ancient art. This ii effected by obtaining inotddl 
of the originah, and precipitating the metal into thoae. 
Mouldi of (hie kind majr be obtained in pluster of piri^ 
in gutla perchft, or bj the use of the elastic compnl- 
lion employed for printers' ink roHers, glue and treiulb 
If plaster of parts is employed, it must have iW poM 
entirely filled will) wux, to prevent the absorption of 
the fluid in which it ie to be placed, and the conaeqaeDt 
deposition of the metal in, instead of upon the plaster. 
This is UEually elTected by placing it, when not too 
large, in melted wax, until a considerable quantity bu 
been absorbed by the plaster of paiia. Since the mecil 
can only be deposited upon a surface which postesKi 
the power of conducting electricity, it ia neceaeaiy to 
give to the plaster this particular property, which may 
be done by covering it with any metal leaf, as goU 
ailver, or copper ; but by far the most convenient and 
efiective method is to well cove!' the surface with ptuni' 
bago — black lead. This, the discovery of Mr. Robat 
Murray, has been of the greatest use in electrotyping. 

Gutta percha moulds are obtained by softening thll 
material in hot water, and pressing it while soft OVtt 
every part of the object which is to be copied. When 
thoroughly hardened, the gutta percha is removed; 
if a round abject, as a statue, it must be cut inis 
sections, and each of these carefully covered with 
good black lead. The elastic moulds of glue and 
treacle are exceedingly convenient for obtaining copiet 
of works having much undercutting, since they adinlt 
of being turned nearly inside out, without losing my 
of the impression. These are treated with blaclt lead U 
tile others are ; they will bear immersion in the sulphate 
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pf copper Mdation for some time, bat they ereDtuiIly 
•oftep and faiL Under all drcomBtanoes, either plaster 
of paris or gutta percha are the best materials to 
employ. 

The prints circulated amongst the subscribers to the 
" Art Union,*' the maps of the ordnance and the geo- 
logical survey, are all printed from electrotype plates, 
and thus the original plate is kept unworn. Upon the 
first plate a deposition of the metal is effected, and the 
Rfulting plate has all the lines of the original in relief, 
the relief exactly corresponding to the depths of the 
lines in the first. Upon this plate in relief, another 
plate ia deposited, and this one exactly corresponds, in 
all its most minute detail, with the plate upon which 
tiie engraver bestowed his care and ability. This has 
become now a very important branch of industry. 

Wood-cuts are electrotyped, and prints taken from 
t)ie metallic blocks obtained by the process. This is 
effected by forming a mould of the wood-cut, and preci- 
pitating a certain thickness of copper into it, which is 
backed up with type metal to the required height. The 
moulds from the wood-blocks are usually obtained in 
gntta percha. These electrotypes are produced at a 
diarge of sixpence the inch. A process called glypho* 
graphy was patented a few years since, and many very 
nice works produced by it. It consists in precipitating 
metal into the lines cut through a thick etching ground 
upon a plate of copper, backing these up type high, and 
printing from the impression thus obtained in relief. 
From some imperfections in the disposition of the re- 
spective shadows of a drawing, it has not been so gene- 
lally employed as it appeared likely to be when it was 
first introduced to the notice of the public. 

Several well-known works have, however, been ex- 
ecuted by the glyphographic process ; amongst others 
may be named the Penny Atlas, and George Cruik- 
ahank's etchings of The Bottle. 

There are several other modifications of the electro- 
type process which have been from time to time intro^ 

roL. ni. Q Q 
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duced, but which have not yet e«tabUshed themtdve* 
as actually practical in a commercial view. The fol- 
lowing are a few of these. Beyond the brief descrip- 
tioDB given, no further notice h at present necessary. 

Galeanography. An artist coTers a plate of silvered 
copper with different coats of a paint cotnposed of any 
oxide, such as that of iron, burnt terra sienna, or black 
lead, ground with linseed oil. The substance of these 
coats is of necessity thick or thin, according to the in- 
tensity given to the lights and shades. The plate it 
then submitted to the action of the galvanic battery, 
front which another plate is obtained reproducing an 
intaglio copy, with all the unevenness of the original 
painting. This is an actual copper plate, the imprw- 
sion from which resembles an aquatint, thou^ obtwned 
witliout the assistance of the engrayer. 

Galvanoglyphj/. Upon a plate of zinc, coated with 
varnish, a ilrawing is etched ; then, with a small conu 
portion roller, a coat of ink is spread upon this vamish, 
and left to dry. The ink is deposited only ou ihtae 
parts where the Tarnish has not been broken through by 
the graver, and leaves the sunken portion of the et»- 
graving free. When the first layer is dry, a second it 
applied, then a third, and so on, until it is considered 
that the original hollows are deep enough. The plate 
thus prepared is placed in the galvanic battery, and 
another plate is the result, on which all the hollows of 
the engraving are repro<!uced in relief. This relief is 
more or less raised, according to tite number and thick* 
nesE of coats of ink succeesively applied. 

Such is a general outline of the processes of electro* 
metallurgy. Before proceeding to the consideration of 
electro -plating, which is to be e&^cted by the use of tbt' 
battery as already described, it is important to deserik 
the use of magneto-electricity for the same purpose. 

The phenomena involved in theprocesa which we bin 
now to consider, may be regardtid as among the moK 
remarkable of the discoveries of modern time. The 
magnet has been long known, and magDetltm w» loaf 
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eonaidered ai idehtiad widi the other forms of electricity ; 
but until the beantifol ducovery of Profosaor Onted, 
tfast m earrent of electricity drcnlating round a bar of 
soft iron renclered it very powerfully magnetic^ no direct 
proof bad been afibfded of their relation. As the elec- 
tric current was fonnd capable of making a magnet, it 
became a point of great interest to develop a current of 
electricity from a magnetised bar. This was eventually 
aceomplished by Fanday, after a series of researches, 
which are models of pure scientific induction ; and we 
are now in possession of the knowledge, that it is im* 
poaable to move a conductor of electricity near the poles 
of a magnet without producing an electrical disturbance. 
If we place a link of copper wire around the pole of a 
magnet, and connect the end with a galvanometer (an in« 
stmment for measuring currents of electricity)^ the dis- 
turbance of its index^ when the link is moved Arom the 
magnet, will show the conversion of that power, which 
is in a state of statical equilibrium in the magnet, into a 
dynamic condition in the wire. This simple explanation^ 
which may be examined by experiment, is necessary to 
the dear understanding of die principles of the magneto- 
plating machine, which we shall now describe: The 
accompanying wood-cuts {figs, 111,112.) represent the 
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magneto-electric machine, in plan and in elevation : a is 
a powerful horse-shoe magnet^ consisting of a number of 
magnetised steel bars fastened together. This magnet 
is firmly secured in a horizontal position to the table h; 
o is the armature, a soft iron bar placed across the poles 
of the magnet, which is fixed to a spindle d, working in 
bearings ee, and which is mttde to rotate by a band or 
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) each pole of the magnet. 



pulley f. Opposite t 

fastened to the armature, aie two coils of copper m 

iylindrical piece oF wood fixed on the axis, and tiro 
lemicircular bars of metal A /, are fitted on this cylinder 
and carefully inauUted ; A ia a spring, which preicet as 



Fig.\n. 




^^^■^ ■9(\a.^ preseeaan its under side. The similar end of eid 
P coO of wire must be joined lo the same semidrcalir 

pieces of brass X: I, which represent the beginnings aixl 
the ends of the coils. Whtn the armature is made U tt- 
Tolve, the springs h i are alternately in connection with 
the commtinceinent and termination of the wires. Non, 
when the armature ia made to revolve, it will be seen thu 
the coils of copper wire move rapidly across the poles dT 
the magnet ; and aa they pass them, an active current of 
electricity flows through the copper coil, and may \t 
carried by means of wirec, aa shown in our drawing, to 
the chemical solution from which it ia required to tetiw 
the metal. By occasioning a rapid rotation of thi* 
charged armature, a current ia kept constantly passing 
through the wire. The general details of thta arrange- 
ment it is unnecessary any further to describe ; it will 
be Bufficietiily understood that the revolving armatun 
are connected with coils of copper wire, and that in 
passing the magnet, currents of much power are set in 
motion. This last machine was made for Mr. Prim* 
of Birmingham, and has been worked since Februarji 
IS^^. The intensity of a current of a magneto-electnC 
machine depends on the length and diameter of the wilt 
of which the coils on the armature are made ; i 
tfierefore, of being varied according to the reqi 
of the opetatar. 
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. Of coune ihe great points for ihe manufacturer's coti- 
;eideratioa are the facility of working, thp flret coat of the 
■ UMhine, and the economy wiib which it can be worked. 
lAU th«e points have been ratiifaclorily answered. 
Hachlnei, similar to the one to which we have above 
tdirected attention, can be made for about 70'. The 
(Wheel which carries the armature is ntoved by a small 
steam-engine in Mr. Prime's manufactory, wliich is also 
employed to do other work ; and that gentleman assures 
us that a three horse-power engine would drive twenty 
, each machiueH, and the cost of this would he about 15«. 
I per week. This machine deposits, when the wires are 
-carried into the plating solution, about five ounces per 
'hour, or from fifty to sixty ounces per day. The wear 
««f the machine is exceedingly smsll ; it may, indeed, 
with the exception of a little wear on the breaks, which 
.last two years, and cost about SL, be considered as 
. nothing. It i* remarkable, an<l contrary to all precon- 
.oraved notions, that notwithstanding the constant action 
JOB the magnets, and the unceasing flow of a current 
of electricity derived from them, no diminution of 
: power can be dctecte<l. The iron bars which hold, 
-Iticked within or about them, an attractive force of ■ 
remarkable character, may be ri^garded as an unfailing 
reservoir of electric power, which can be employed in 
rending asunder the most powerful chemical affinities, 
and iu doing the mechanical duties of covering common 
I' metals with ibe more elegant and durable coalinga of 
Ij gold or silver. Although the economy of the magneto- 
\ elMlric machine can be no longer questioned, it possesses 
I, .advantages over the voltaic battery, which are still more 
': important. In the voltaic battery, we are liable to irre- 
J gnbritieB of action, which are sometimes of the most 
annoying description ; but the machine is marked by the 
' most extreme regularity and certainty of action ; nor it 
it influenced in any way by the changes of the atmo- 
aphere ; and of course there are no annoyances from any 
gaseous fumes, such as are always evolved from the 
voltaic battery. 
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The depositing powers of these mtcbinea arc lego- 
laied by an extremely simple contrivance. By didiog 
1 keeper or piece of soft iron on both poles of the nig- 
nel as tbe coils approsch tbem, more msgnetian pnak 
through the keeper, and less through tbem, and theeos- 
trary. Tbis is ■ great advanta)^ in practice, m de 
plater has thereby the power of ahering, according » 
tbe quantity of work in the vats, the amount of clunH 
electricity. The present patentees of tbia proeeu oc 
the Messrs. Elkington, who, notwithstanding that tiaf 
ior a long lime preferred the vol laic bstlerf , bave M¥ 
adoptetl the magneto-electric machine in ihur Inp 
electro-plating establishment. Many soludont mf k 
used for eilvering by the electro- cliemical power of fle 
battery. That most usually empbyed is prepHcd It 
follows ; — 

One hundred ounces of silver are disstdved in sbtM 
pounds of pure nitric acid. To this is ailded about Htty 
ounces of the cyanide of potassium, by wbidi cyil^de 
of silver is precipitated ; this, being well wi^ed, iBdi*> 
solved in another soluiion of tbe cyanide of potaaaiuB, 
and the plating solution is formed. Cyanide of nlfO^ 
or its oxide, may be dissolved in the yellow prnsuatc'tf 
potash. Hyposulphite of silver is samedinea employedt 
and some other silver compounds, as stJpbite of ailfV 
dissolved in sulphite of potash, and chloride of dm 
dissolved in hyposulphite of soda ; or the silver solutisB 
may be prepared by the agency of the voltaic battery 
itself. 

Any of these solutions are very easily decomposed by 
the electric current ; consequently, in employing tbe 
battery it ts necessary to adjust the ipianlilt/ of declrid^ 
to the extent of surface which is to be covered, and dW 
inlentiti/ to the condition of the solution. It is nml 
in manufactories to arrange a great number of artidEi 
on metallic tods, in a large trough containing tbe nlva 
flolution ; these are connected with one pole of the bU> 
tery, or magnet, and at the other is placed a plate of 
ailver, nlacb, by dissolving, maintains the strength at 
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l3ie loliitioii. The artidet oorered with tilver^ are 
vsiuiUy of a white chalky character ; bat by die addition 
of « litde aolpfavret ^ carbon to the argentiferoui 
Ihiid thii if entirely prevented : the action of the lol- 
pharet of caxbon ia not at mil nndera (ood. Mnch care 
H reqnired to precipitate the silver of anfficient hardneaa 
to endue the wear to which plated articles are sub- 
jected. If the torrent is too strong, the silver is soft 
and easily removed ; bat by care the metal maybe pre- 
cipitated of an equal degree of hardness with that which 
18 plated in the orighud tnanner, and called Sheffield plate. 

Gilding by the electrotype process does not mateH- 
ally difl^ from the operation of plating already described. 
The solution for gilding is prepared by ditsdving the 
oxide of gold in the cyanide or ferro-cyanide of potas- 
aium. This solution is decomposed by very weak bat* 
tery action. The mode of proceeding is as follows : — 
The artides are deaned and well scratched with wire 
brushes^ which cleans away any tarnish from the surface/ 
and prevents the formation of air bubbles. A single 
immersion is then given, by which a mere film of gold 
is produced ; the surface is again brushed; and then im- 
mersed for a few minutes, by which it is completely 
covered with gold. The quantity of the precious metal 
deposited, may be regulated with very great exactness 
after a few preliminary experiments. According to the 
amount of gold deposited, so will be the durability of 
the surface. An ordinary sized watch-case diould have 
from twenty ^;rain8 to a pennywdght of gold put upon 
it, and other artides according to the wear to which they 
will be exposed. 

Platinum, palladium, and some other metals may be 
predpitated in a nmilar manner to gold ; but these are 
rarely required in any manufacturing process to which 
electro-metallurgy is applicable. 

There are many other beautiful modifications of the 
electrotype processes, which, as they have not become the 
subjects of manufacture, it is not necessary to describe. 
Amongst others may be mentioned, coating of plaster 

o o 4 
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or other composidoD figures with metaL To effect 
ihis^ BO as to leave a smooth sur&oe^ the resistance to 
the passage of the current must he increased by separating 
the terminal points of the arrangement^ as far as possible^ 
in the decomposing solutions. Flowers and insects may, 
by previously preparing their surfaces^ be covered with 
any of the metals mentioned. For the mode of prepa- 
ration employed in these more delicate operations^ we 
must refer to treatises especially devoted to the manipu- 
lation of the electrotype, which may be regarded as 
one of the most beautiful of the practical applicatiooi 
of physical science* 
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Plating with silver on copper, 385.^ 

Platinum, 378; manufacture of,' 
379; rendered malleable in Riu«. 
sia, 380; deposited by electro- 
metallurgy, 455. 

Pliny on «/afm«m, &c., 88. • 

Plowden'sCoffMNeniaWet quoted, 6^ ; 

Plumbers, lead manufactured for,' 

7a 

Plumber's flimace, 98. 
Plumbi nigri of Pliny. 53. 
Polishing of specula, 306. 
Potosi, silver mines of, 373. ^ 

Fouch^, M., his machine fi)rcaati 

ing type, 135. 
Pouring metal into moulds, 841. 
Foushun's process for platinum. 

380. 
Precious metals, 350 ; in churches, 

40& 
Prince Rupert's yellow braOaSlOL 
Prince's metal, 118. 810. 
Printingingold, 14& 
Printing^ its invention, 130» 
Printing.punches, 129. 
Prior's clock-escapement, 332. 
Pritchard's microscope, Sai. 
Proaor's spiral candle lamp, 856L 
Protectors, Sir H. Davv's, 189. 
Pryce on the use of the divining 

rod, 13. 
Pryse, Sir Cartwrry, works the 

Cardiganshire mines, .57. 
Pumps, various kinds of, 88, 



R. 



Reaumur on bells, 815. 

Red lead, 75. 

Refining and toughening copper, 

169. 
Refining of lead by the ancients, 54. 
Reflectors, manufacture of, 390. 
Reid's work on clock-making, 333. 
Repeaters, 329. 
Revats preserves statue of Charles^ 

212. 
Rhodium, :S82. 
Rifle-balls, 95. 

Rings, brass roanufa(;tu|« of, 8^, 
Kivetting copper inessels, 180. 




SI; prlcv or, it; pnrfucMlB 
WDiklflg, f7. M; plutei, price* 

Tinblbg DonKr TOHeli. IS. 
Tok™^ ftriKIng, 4S7i li ' ■"■^' 
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I of bra» turner, 975. 
T-bell, the form of a, S90. 
!rt for manufacture of shoC, 96. 
IS for coinage of tin, 7. 
imutation, apparent, of Iron, 

ceta, Birmingham, 397. 

ivean mine, 161. 

il Cain, 151. 

«, copper, 185 ; of braM, 916. 

I. 

^tate of inm, teparation from 

,22. 

ler introduces manufkcture of 

is8,205. 

tuuue, Indian, 115. 

ted or spiral tubes of brass, 8ML 

r'a urns, moulds, &c. of copper, 

' i his moderator lamps, 8A9. 

' founderies, the principal, 1361 

! foundery, 1S9. 

•, the first, 131. 



U. 

Dr., on varieties of pewter, KM. 

I, bronzing of, 25S. 

Ill, Mr., bronxe sheathing, 190. 



V. 

Swab separates nnc i^'wn )t* 

2S, 109. 

lie Montagne sine works, 110. 

s of tin, 10. 

ice, its beautiAil printing, 131. 

', a plumber's, 93. 

oria, gold at, 365. 

iULAR DiviNiToaiA, the, 18. 

an on smelting copper, 163. 

aic arrangement, 444. 

aic battery, 445. 



W. 

ler, Mr., and the mine adften- 
re, 56. 



Walsh M Bruilian gold min«t. 

356. 
Watch, balance of; 3S6t ifnriiit, 

dS7: escapement, 389. 
Watches, seats of manultetura of, 

38& 
Watch-making, branches of, 985. 
Watson, Bishop, on tinning, 30 ; on 

smelting ainc ores, 106 ) on 9f4» 

dkolciMS. 808. 
Wealth of ancient monarehs, 358. 
Welsh bttlUoa minted at the Tower, 

57. 
Werner on the divining rod, 13. 
Wheels for clocks, 313. 
Wherry, the mine so called, 17. 
fVkim, or WMmuy^ tot raiting 

ores, 81. 
White iron, or fer-hkmet of France, 

38 
White lead, 75. 
White metal buttons, 414. 
Window lead, drawn, 98. 
Wire for ptns, 348. 
Wire, xinc, manufactured, 118. 
Wolfram, separation from tin, 891 
Wolsey, his use of lead pipon, 86. 
Wood-cuU electrotyped. 440. 
Wood-tin, Klaproth on, 11. 
Workings of lead mines, 63w 
Working tinman, 46. 
Wright's machine for pIn-makIng, 

Wynkln ae Woorde, a printer^ 133. 



Y. 



Yarrantom% Andrew, process of 
tinning, 31. 



Z. 

Zinc, sulphuret of, 106; «/■«., 
where found, 106 ; imports and 
exports of. 111 j cream pans of 
113 ; white, 117. 
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